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PREFACE TO THE REVISED EDITION 


We are thankful for the overwhelming response accorded to the book Microcomputers : 
Programming & Utilization. The first edition was exhausted in a short span of one year. 
We are also thankful to the authorities of NCERT for accepting this book for the CLASS 
Project. 


The present edition has been thoroughly revised and enlarged. A newchapter on 
History of Computers has been added. A large number of new diagrams have also been 
included to make the book more informative. Suggestions for further improvement will be 
thankfully received and acknowledged. 


PUBLISHER & AUTHOR 


PREFACE TO THE FIRST EDITION 


hee O aaa aeee 


For a common man, a computer is no more a remote machine occasionally reminding 
him of its existence through an electricity bill, an insurance premium notice or a university 
marksheet printed on a computer. It is no more a complex and costly machine which needs 
expertise in its usage. The small computer systems, also called microcomputers and Personal 
Computers (PCs), are cheap and very simple to use, and, in near future, one may even find 
computers hooked to TVs in many homes and used by everybody in the house not only for 
calculations but also fot entertainment and education. The time has come for all of us to 
know computers, use them for the tasks where they exce] viz., speed, reliability and ability to 
store and retrieve data. We must participate in this revolution. To give our society the 
necessary orientation for accepting computers and also encouraging their use, our Government 


has taken many steps like TV film serials, introduction of computers in school and economic 
policies to promote their manufacturing/acquisition. 


In this computer-conscious environment, there is a great need for a book that 
emphasizes on utilization of PCs, It must be directed towards common requirements and not 
advanced applications. For this reason, a book on PCs or microcomputers must emphasize 
the ready-made application packages, knowing which a user can put a PC to productive use 
without going through a long training period. In fact, the software packages are the strong 
point of PCs. The book should also teach elements of programming in the language of PCs 
namely, BASIC. There are two important reasons for this : firstly, one could use BASIC for 


problems not covered by the application packages ; secondly, it would consciously inculcate 
in us the logical thinking for solving problems on computers. 


Whether one is using ready- 
made software or not, it is necessary to formulate solution of a problem in terms of faciliti 
available, and that is programming. pec 


This book is divided into 3 parts. The first part is a short exposition to computer 


systems. The second part covers the core facilities of BASIC and using t A 
programs. We emphasize here both : the language and the ing them for developing 


Sts Programming, i 
covers the most useful application packages. ing. The third part 


The basic problem in any such endeavour is the lack of standards 
number of systems in the market today with minor variations in ae Renee 
differences in application packages. We have resolved this problem as follows - Significant 
(i) For BASIC, important variations are pointed out. Special mention is made for the 
BBC microcomputer which has been selected by our Government for schools Menti 
is also made of IBM PC, which is like a standard in itself with so many compatibias = as 
market, 


(ii) For application packages, we concentrate more on nature of facilities Tather tha: 
the actual commands. Broadly speaking, the facilities are similar on all PCs. For illddiation 
Purposes we use the commands of well-known and more widely used packages. We expect 


= om Ne 


(v) 


tnat readers will find out actual commands on their system by consulting manuals after 
studying concepts and nature of facilities described in this book. 


The book is expected to meet the requirements of all microcomputer users, whether 
they are hobbyists, students or business-people. It meets the NCERT curriculum for school 
education in principles if not details (the curriculum is oriented to BBC microcomputer). For 
PC users from trade and industry, the book will serve adequately well for computerization of 
routine activities. Also, the meaningful examples and challenging exercises will stimulate 
interested readers to develop advanced applications for computers. 


Bombay N.L. SARDA 
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INTRODUCTION TO COMPUTERS 


1.1 SOME APPLICATIONS 


In spite of being of recent origin, the research and development as well as usage of 
computers have been truly phenomenal. So much so that even a common man is aware of 
their existence. The pace of development and new applications to which computers are being 
put is so intense that it will not be far when a common man will be interacting and using the 
computers. A computer is basically a machine, but probably the only machine with which 
many myths (like ‘super brain’, ‘Intelligent machine’) are associated, and the only one which 
has created considerable apprehensions. While it is true that of all the machines the computers 
will have radical and far reaching impact on society, most of the apprehensions and doubts 
are based on misconceptions. While debates and development of new social norms to adjust 
to impact ofcomputers are in progress, we can make efforts to know more about these 
ma¢hines-and understand their capabilities, and limitations. These efforts will not only Temove 
misguided apprehensions but also enable us to interact with and use computers in our 
day-to-day life. 


While the interest in developing calculating machines is ancient (the adding machine 
developed by French scientist Pascal in 1642, the calculating machine of German Scientist 
Liebnitz around 1700, the difference and analytical engines of Charles Babbage in early 1800, 
and the tabulating machines developed by Dr. H. Hollerith around ‘1880 to Process the U.S, 
Census data recorded in punched cards), the real trust to development of computers as we 
know them today came during the Second World War when it was required to produce naviga- 
tional tables from very complex manipulations. In a relatively short span of time, the 
technology has progressed remarkably from the so-called first generation computers that were 
bulky, unreliable, expensive, and very difficult to use to the fourth generation computers that 
are ‘miniturized’, economical, very high-speed, reliable and extremely simple to use. Obviously 
the interest in advancing the technology was sustained by the equally remarkable growth Fs 
usage of computers in all sectors : government, industry, defence, etc, 


It is both unnecessary and out of scope to catelogue here even a 


fraction of the vari 
Fee 1 2 ario 
computer application. It will suffice to mention only a few, selected m MS 


Ore or less randomly, 


Ometric, etc.). Many of 
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these applications arc possible only because of the ability of computers ip x pues 
reliably at extremely high speeds. The areas of computer applications inclu cia ie 
of engineering (aeronautical, civil, electrical, mechanical, metallurgy, etc.) and sciences (p WEES, 
botany, etc.) and other areas like oceanography, geology and humanities. Even the ‘gueen 
of sciences, the pure mathematics, has not escaped (e.g., the famous century old four colour 
graph theory conjecture has been proved only recently using computers). We mention here a 
few applications : aircraft body design, missile guidance and path control, weather prediction, 
seismic data collection and analysis for earthquake prediction, solving complex differential 
equations, electrical and electronic circuit analysis and design, etc. In applications of this 
kind, the usual approach consists of identifying important parameters (such as speed, 
temperature, coordinates), ways in which they interact, and then describing them in computer 
acceptable form. 


The second class of applications may be broadly labelled as business applications. The 
term business here is not restricted to mean only the profit-making organizations, but is used 
in more general sense to refer to any organization that plans, controls, and administers its 
resources (men, machines, materials and money). Thus, the governmental, service and 
educational organisations are also included. The role of computers in these applications 1s 
to collect data, maintain data up-to-date, and produce information necessary for the conduct 
of business. Some salient applications to be mentioned are: employee pay-rolls, students’ 
academic performance records, inventory control to manage warehouse stocks of raw materials 
and finished goods, maintaining insurance policy records of payments and generating notices 
for premium payments, banking applications to keep customer accounts, support teller services, 
loan and investment analysis; hospital applications to keep patient records, to manage 
availability of beds, to schedule nursing staff ; sales forecasting ; retail stores applications ; 
preparing school time-tables ; air-linefhotel reservations ; stock market analysis and portfolio 
management, etc. Comprter systems in such anplications are also called information processing 
systems. They have become an indispensable tool in management information system (M1S)— 
system that produces information for management of business. 


Another important use of computers is in the information retrieval systems. Here, a 
computer maintains a large volume of data about certain objects and answers ‘random queries 
against the same. As an example, a litrary information retrieval system keeps data about 
books, periodicals, publishers, authors, subject areas, etc., and answers queries such as ‘give 
me all books written on computer programming and published after 1975 by Prentice-Hall’. 
Similar systems have been built to keep various kinds of other data : criminal records, 
legislation records, data about football players and their performances, data required for 
student counselling—occupations, prospects, fees, colleges, training centres, financial aids, etc. 


We may note here that above classification of applications is not rigid. Also, there 
are some applications that may not fall strictly in any one category. We have automatic 
question/answering systems, natural language processing systems (machine translation from 
one language to another is of great interest), theorem proving systems, and teaching systems 
popularly known as Computer-Assisted Instruction (CAT). 


In summary, the applications of computers are numerous, and the potential for newer 
applications enormous. 


Á 
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As should be expected, to match variety of their applications, computers today are 
available in variety of shapes, sizes, functions, capabilities, and architecture (7.e., the internal 
structure). Further, a large number of manufactures are involved in this billion-dollar 
industry. Among these, the International Business Machines Corporation, better known by 
its acronym, IBM, is the ‘giant’, whose share of the computer market is more than all the rest 
put together, and which is known for its reliable machines and super-efficient service. IBM 
manufactures computers to cover the whole range of applications. The other well known 
names of computer manufacturers are Control Data Corporation (CDC), Digital Equipment 
Corporation (DEC), Honey-well, Hewlett-Packard (HP), Data General (DG), Wang Labora- 
tories, Burroughs, Univac, National Cash Register (NCR), Apple Computer and Radio Shack 


(a division of Tandy Corporation). 


At one end of the spectrum of types of computers, we have what are called micro- 
processers and microcomputers. They are cheap and limited in capabilities. They are ideal 
for dedicated applications such as furnace temperature control. They have also become 
extremely popular as personal computers, used in homes and for hobbies. Microcomputers 
have also been accepted for data processing by small business organizations (e.g., retail stores). 
The Apple 11, TRS-80 of Radio Shack, and IBM System/38 are some of the computers in this 


range. 


The minicomputers, next in the power spectrum, are more general purpose in that they 
can be used for more than one application. The well known mini manufacturers are DEC 
HP, DG, Wang and Prime. The medium-scale computers, often called midis, have more oven. 
storage capacity and variety of devices, and serve medium-range, or divisions of large, 
organizations. IBM, Burroughs, DEC, NCR and Univac are some of the important makers 
of midis. 


We also have on market large scale and super computers used for information retrieval, 
military and other applications requiring very high speeds, large storage capacity and many 
other special functions. IBM, CDC and Univac are some of the important manufacturers in 


this range of computers. 


It must, however, be mentioned that this classification of computers by their size may 
soon become meaningless with the recent advance in Very Large Scale Integration (VLSI) 
technology. 


1.2. PROBLEM SOLVING AND COMPUTERS 


One may wonder, after reading the numerous and diverse applications described above 
how a single machine can be put to so many types of usages. This is contrary to vatious 
other machines we know of; e.g., an electric fan can only rotate. One important Observation 
can be made here. Most machines we know are designed basically for energy A 
e.g., from clectricity to mechanical rotation. Computer is a machine not designed for s h 
purpose. It is truly and the only information processing machines, Obviously, there ie 
be something fundamental in information Processing which allows computers to be applic: ci 
for any kind of information processing job. To see this, let us first understand proper] ‘able 
meaning of terms data, information and processing. Properly the 


- The derived facts, i.e., information, may be manipulated further, i.e., used as data. 
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The term data refers to facts known to us. For example, length and width of a room. 
Information refers to facts to be derived from data. For example, area of the room. Processing 
consists of manipulations to be performed on data to obtain information. For example, 
multiply length by width. You must note the interchangability of terms data and information. 


For 
example, given the area of a tile, we can divide room area by tile area to obtain number of 


tiles required to cover the floor of room. 


Let us consider a yery simple (computing) machine that takes in two numbers, 
multiplies them, and gives us the result. We may symbolically represent it as : 


C =axb c 


We have used symbols a and b for numbers going-in, and C for result. To what kind 
of data processing tasks can we use this machine for? Let us consider some usages : 


(i) If a and b are given values of length and width of room, we get room area. 


(ii) If a is hourly rate and b is number of hours worked by an employee, we get that 
employee’s payroll. 


(iii) If a is velocity of a vehicle, and b the time it travelled for, we get the distance 
travelled by the vehicle. 


The above simple machine already appears to have certain flexibility in usage. It also 
illustrates one very important aspect about computers. We see that our simplistic machine 


has no knowledge of which problem, out of the three listed above, it is solving- Tt only deals 
with numbers. The different interpretations of quantities a, 


i b, C, are our own, and the machine 
does not understand the meaning we attach to them, Tt obviously has no ‘brain’. 


Fig. 1.1 Pocket Calculator 
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The pocket calculators are obyiously capable of much more that our simplistic machine. 
They can be used in very many and more complex situations. 
in To appreciate the power of computers, let us consider the limitations of calculators. 
Assume that we have to prepare pay-roll for an organization having 2000 emplovees. The 
procedure to calculate the pay is as follows : 


f (i) Take hours worked by an employee and his hourly rate, 
(ii) multiply hours. worked by rate to get salary earned, 
(iii) deduct 5% of salary earned towards social fund if the salary earned exceeds $ 300, 
else no deductions. 

\ Assume further that the {payroll clerk has a calculator which he uses to carry out the 
three operations in the procedure (which are they ?). Let us now prepare the procedure used 
by clerk, clearly identifying tasks to be done by calculator and those by the clerk. For each 
employee : 

q D (i) [Clerk] enter two numbers, press multiply key. 
(ii) [Calculator] multiply and display salary earned. 
fy (iii) [Clerk] if salary earned is less than $ 300 then pay=salary earned and we are 


through. Else 


(iv) [Clerk] remember salary earned (assuming that the calculator has no memory). 
Enter 5 and % to obtain social fund deduction. 


(v) [Calculator] obtain five percent of salary earned (calcùlated earlier) and display it. 
(vi) [Clerk] enter salary earned remembered in step (iv) and press subtract key. 


(vii) [Calculator] "perform subtraction of social fund contribution trom salary earned and 
display it. 


(viii) [Clerk] take the displayed result as pay. 


You may wonder why we have been so meticulous in writing the above procedure. It 
Ve is necessary to clearly specify tasks of each. Firstly, we see that the clerk performs more 
steps than the calculator. Secondly, due to the intermingling of their task within the proced 
the speed with which the procedure can be performed is limited to the speed ofdat 
Thirdly, for all 2000 employees, the clerk will be repeatedly pressing same calculator nel : 
(like multiply, 5, %, —). Finally, ʻand most important to note, y8. 
procedure, whether to cut 5% or not, is performed by the clerk. 
calculators, the decision-making must be left to humans. 
involve decision making. The decision making basically involv 
in the procedure depending on certain conditions. 


; 


the only decision in the 
In procedures that use 
Most procedures of any interest 
€s performing alternative Steps 
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All these problems are solved with computers. They have memory to remember 
instructions given in the procedure and they can evaluate certain conditions and choose 
instructions accordingly. They can also remember data (such as 5, which was constant, i.e., 
not varying, or salary earned which was calculated as an intermediate yalue). Modifying the 
earlier procedure, where all steps are performed by the computer, we have : 


(i) Read H and R (i.e., take in two numbers and remember them as H and R). 
(ï) Calculate S=H XR. 
(ii) Tf S is less than $ 300 then calculate P=S and go to step (vi), else go to next step. 
(iv) Calculate D=0:05xS 
(v) Calculate P=S—D 
(vi) Print (7.e., give out value of) P. 
(vii) Go xo step (i). 


The various symbols like H, R, P represent computer’s memory for remembering data 
and computed values. The constant value 0°05 is also remembered, although we have not 
given ita name. The decision-making is also done automatically, without human intervention, 
The whole procedure, from steps (i) through (vii) is also remembered in memory, 


It is now easy to see how a computer can be set up to do our payroll problem. We 
first prepare the procedure, and write it in computer acceptable form. It is then called a 
Program. The program is then fed to the computer to remember (this is called the stored 
program concept—a distinguishing feature over calculators, although; now-a-days, calculators 
have this feature). The computer can now carry out the procedure, We refer to this as 
execution of the program. The work of our payroll clerk is naw reduced to simply supplying 
the input data—values for hours worked and rate. The program can 


be written by anybody 
and not necessarily by the clerk. The clerk then uses the computer as a black box : 


Computer 


The computer will reliably and untiringly do its job and free the 
repetitive, and menial task. Also, once prepared, the pro 
organisation functions. (Note : the computer procedu: 
does not stop after doing payroll of 2000 employees. 
this stage). 


clerk from routine, 
gram can be used as long as the 


re we wrote above is not Proper as it 
We will not go into such niceties at 


The fundamental aspects of information processing can now be seen. 


i 5 é x The computer 
has capabilities to do certain manipulations on data and for decision making. 


Any informa- 


AÈ 
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tion processing application basically needs only this much. The applications primarily differ 
in data used and manipulations made. 


1.3 COMPUTER ORGANIZATION 


The main functions of a computer can be inferred from the discussion in the preceding 
section. They are: 


(i) storage of data and information 
(ii) storage of programs 
(iii) getting data from outside (i.e., input) and producing results (7.e., output) 


(iv) performing the operations, i.e., execution of the program. 


The functional block diagram of a typical computer is shown in Fig. 1.2. 


Memory Unit 


I 
Input Unit pe ------ -4 Control Unit F- 

[i 
' 
' 
i 
' 
1 s 
i 


Output Unit 


Legend : 


—-~ {ata transfer 


Anthmetic path 


Logical Unit (ALU) 
----*CONtrol path 


Fig. 1.2. Functional block diagram of a computer 


The memory unit is obviously for storage of data and programs. Tnput and output 
units are the components with which the computer interacts with the outside world. By usin 
input devices, we can supply data/programs to the computer, while the results of our progra. 8 
are obtained on output devices. The ALU can carry out arithmetic end logical ae 
comparison) operations on data in the memory and store back the results. The Conti ch.es 
arrows in the diagram represent communication paths between units for aches eg 
The control unit acts as the ‘supervisor’, coordinating activities of various units s ae 
cause execution of a program. Thus, a program stored in the memory is interpreted by ia 

e 
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control unit. The dotted arrows in the diagram represent the fact that the activities of various 
units are initiated by the control unit. To see how a program is executed; we must learn 
some more details. The details introduced here arc simplified to illustrate the concepts, and 
are not intended to be highly realistic. $ 


Let us begin with the memory unit. We should not only be able to’ store data but also 
able to recall it whenever Tequired. This is achieved by dividing the memory into slots or 
locations, each of which can hold one data value. Each location is also given an address for 
uniquely referring to its contents (just as we use address for our mail). The addresses are 


simply the serial numbers of locations. Fig. 1.3 illustrates these details of a memory unit 
having 100 locations, 


value contained 
T in a locatisn 


+ 1234567 


location 


"UCNNoƏxƏ JO MOJ 104 : 


address 99 


Fig. 1.3. Organization of a memory unit 


The program is also stored in money. Every computer has a repertoir of instructions 
or commands that it can carry out. Each instruction can fit in one memory location. Thus 
a program is a sequence of instructions occupying a sequence of memory locations S, 


The memory locations are of some fixed size. For instance, we ma 
with memory locations limited to hold upto 7-digit numbers. Moreover 
i.e., number of locations, is also fixed (when we buy the computer), 


y have a computer 
, the size of memory, 


Now consider a step in a procedure requiring the computer to a 


F dd two numbers 
instruction to computer, in this case, must specify TS. The 


(i) operation to be done (+) 
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(ii) locations where the two numbers to be added are stored (say, locations numbered 
23 and 46), i.e., the operand addresses 


(iii) the location in which the result is to be stored (say, location 67). 


We thus see that an instruction includes specification of operation as well as operands. 
lt can store results in memory and recall values by specifying addresses. It should then be 
obvious that the first step in converting our payroll procedure given earlier to a computer 


‘program will be to replace the symbols H, R, etc., by memory addresses. 


How is an instruction stored inside the memory ? The answer is : in no way different 
from data. The instructions are in a coded form and appear very much like a number. For 
instance, the number stored in location 2i 


+l 1 |23|as|e7 


may represent the add instruction stated above. A number such as this is to be interpreted as 
an instruction as follows : 


(i) treat the first digit as code for operation (1 means add, 2 means subtract, etc.) 


(ii) treat next 6 digits as specifying three memory addresses, the first and second giving 
operands and the third for storing result. 


This interpretation of numbers as instructions is carried out by control unit. At the 
memory level, there is no distinction between data and instructions. In fact, they are inter- 
changable (the most important consequence of this fact is that a program can modify itself 
during its execution). The obvious question that arises then is ; how does a computer avoid 
confusion between data and instructions ? 


After executing an instruction, such as 


|+] 1 J23]4s]or 


stored in location 2, the computer proceeds sequentially, and considers contents of location 3 
as next instruction of the program. During execution of an instruction, the contents of 
operand addresses (such as 23, 45 and 67) are treated as data. ay 


Thus, while writing a program, we store its instructions sequentially i 
z 3 ially in on f 
memory.and data in some other part. y e part of the 


A computer blindly going sequentially through instructions cannot, obviousl 
much use, because procedures involving decision making, such as step tia) ee sly, be-of 
procedure, where we break the sequence and go to step (vi), cannot then be R tue 
3 e 
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uential execution can be broken by an instruction which asks the control unit to take next 
seg 


instruction for execution from a location which need not be next in the sequence. For example, 
in ti chini 
we may have, say, in location 4, the instruction : 


pr 


s |99 | os 


which may mean : 
(i) compare contents of location 98 and 99 (by subtraction) 


(ii) if contents of 98 are smaller, take next instruction from location 08 (else proceed 
sequentially as usual). 


A computer will, thus, include decision-making and sequence altering, aietions > 
its repertoir. For the purpose of remembering which location is being currently interprete 

instruction and where to go next, the control unit itself has a memory location, called 
see Ahe register is variously called as Instruction Address Register, Program Counter, etc. 


To use computer, we must write our programs in the coded form, where instructions 
appear as strings of digits. This is the way we communicate our programs to the computer, 
Any notation or code used for communication can be termed as a language, and the language 
which computer directly understands is called the machine language. 


The concepts of location, address, instruction, program counter, etc., bropght out above 
are used in all computers. However, computers differ from each Other in the coding of 
instructions (i.e., in the format of instructions) and in their Tepertoir. The set of machine 
language commands and components involved in their execution is said to define the architec- 
ture of a computer. 


1.4. INPUT OUTPUT DEVICES 


While the computers differ greatly in their architectures, 
output are fairly standard. Hence, in this section, we will intr 
the computers. Do not imagine their operatio 
a computer we painted in the previous section 


the devices they use for input/ 
‘oduce devices actually used with 
ns in conjunction with the hypothetical picture of 


PUNCHED CARD DEVICES 


These devices use a piece of thin cardboard to record data. 
size (18:9 cm length, 83 cm width and 0'178 mm thickness) with 
left top as shown in Fig. 1.6, to indicate proper ‘up’ side. 
and 12 rows. One symbol of data can be recorded in 
holes in that column. 


Each card is of a standard 
One corner cut, usually the 
A card is divided into 80 columns 
one column by making one or more 


For feeding data to computer. we can punch the data o; 
key-punch machines. After inserting a blank card into t 
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symbols in our data. Whenever a key is depressed, it causes punching of holes according to 
the hole-combination code for that symbol. A symbol may be a digit, a letter or any other 
special symbol (like + —/. ete.). The key-punch machine also prints the punched symbols 


at the top of cards (see Fig. 1.6). 


A group of punched cards is called a deck. Such a deck can be placed into a card-reader 
device, which is an input device. It can ‘read’ the cards in deck one after another sequentially. 
Whenever a card is read, the data punched on it is placed into the memory of computer. 


A computer can also be connected to a card-punch device for outputting of results. 
However, use of cards for output has already become obsolete. 


A card reader is relatively a slow-speed device. with reading speeds ranging from 300 
to 1500 cards per minute. It may also be noted that cards are not reusable (as holes are 
permanent), that they get easily damaged by rough handling or bad whether, and that they 
are fairly costly. However, their use for first-time input of data/programs still continues. 


LINE PRINTER 


A printer device is an output device used for printing of results. It uses a continuous 
strip of paper that is marked into pages by perforations of regular intervals. Depending 
on the length and width of pages, a fixed number of lines can be printed per page, each 
line also containing a fixed number of symbols. Usually. these figures are 70 lines/page and 
132 symbols/line. The device is called line printer as it prints one line at a tiñe (and not one 
symbol at a time). The usual speed ranges between 600 to 1500 lines/minute. The paper, 
during printing, can only move in forward direction. 


To facilitate proper spacing of lines in the result, the printer devices can be asked to 
skip specified number of lines before or after printing the current line. 


Fig. 1.4. Line Printer 


Many a times, the output is to be obtained on pre-printed paper (such paper is typicall 

used for school mark sheets, insurance premium notice, share certificates etc.) a y 
required to print data on pre-determined lines only. To facilitate such tasks Nite ie si it is 
id Ositions 
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ona page can be marked. These markings are called channels. A printer can now be 


instructed to skip paper upto a specific channel. (The printers have a mechanism called 
carriage control loop to define the channel positions). 


CRT TERMINALS 


The CRT (Cathode Ray Tube) terminals, also called Vis; 
of a television-like screen for display and a type-writer- 
slow-speed device can be used botle for input and outp 
or a ‘dialogue’, can be established with an executing p 
very commonly used in data entry, enquiry/res 
programs in direct interaction with computers), 


ual Display Terminals, consist 
like keyboard for entering data. This 
ut simultaneously. Thus, an interaction, 
rogram through this device. They are 
ponse, online programming (i.e., developing 
» and CAT type of applications. W 


The screen is divided into lines, usually 24, with each line of fixed capacity, usually 
80 symbols. A special symbol, called cursor, appears on the screen to indiéate the current 
position from which the entered data will be displayed. The keyboard includes keys for all 
the usual symbols (digits, upper/lower casé letters, special characters) as well as keys for 


positioning the cursor. The cursor can be moved up, down, left or right. There are also keys 
for making corrections to wrongly entered data. 


VISUAL DISPLAY UNIT 
Fig. 1.5. CRT Terminal 
MAGNETIC TAPE 


The magnetic tape devices are extensively used in data 
computer can ‘write’ data on tapes, and later ‘read’ the 
This capability of tapes makes them act 
these devices are often called auxiliary 
computer as main storage). 


Processing applications. A 
i same data for further processing. 
as extension of computer’s memory. Fer tnis Teason, 


or secondary storage devices (while the memory ot 


A magnetic tape is a $ inch, 2400 feet lon 


g plastic tape, coate 
andis wound on a spool of about 10} inch 


F d with magnetic material, 
diameter, Data a 


Te recorded on tape as 
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Schematic of a punched card. 
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magnetised spots at high densities varying from 200 to 1600 symbols per inch length of tapé. 
The tapes are marked on either ends with visible tags which define the usable area for 
recording. The tag at the beginning is called ‘load-point’ and that at the end is called ‘end 
of reel (volume)’. The reels can be mounted on a tape drive with a capability of reading or 
writing the tape. The tape drive schematic is shown in Fig. 1.7 The tape is moved and 
brought to constant speed by the device before reading or writing operations can begin. As 
the tape is unwound from its original spool, it gets wound on another take-up spool fixed to 
the drive. After processing, the tape can be re-wound on its original spool and dismounted 
from the device. The tape can be moved only in the indicated (forward) direction during 
read/write (some drives also permit backward reading). 


Data on magnetic tape are recorded as a series of blocks as shown in Fig. 1.8. Each 
block is demarcated on either side by gaps, called inter-record-gaps (IRGs), of about 4 inch 
length. The gaps provide the necessary free tape for acceleration and deceleration of tape 
during read/write operations. A block may contain any number of symbols. The read and 
write operations always transfer one block of data. The gaps are automatically created 


during write operations. Note that a portion of tape is occupied by gaps ; this wastage of 
tape is reduced by having blocks of longer length. 


Take up reel 


The reel of the 
Fixed to the device 


file.dismountable 


Read/wnite 
mechanism 


t 


Vaccum column to 
fegulate tape 
Movements 


Fig. 1.7. Schematic of a Magnetic Tape Unit. 


A special short-length block, called tape mark, can be written on a tape and sensed 
automatically by the device during reading. Tape marks are commonly used to demarcat 
file area on tape, so that many data files can be placed on same tape. Protection to tape r : 
against accidental writing (which erases earlier recorded data) is provided bya es a of 
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at the back of a spool. Writing can take place only when the ring is present; hence, it is 


ZZ 


LA 


Fig. 1.8. Recording of Data on Magnetic Tape. 


The manner of both reading and recording on tape is sequential. The 5th block cannot 
bə read or created unless the preceding 4 blocks have been read or created. Thus, the data on 
tap2 are sequentially organised and sequentially accessed. Because of tape movement only 
in one direction, a tape file may be used as either input or output at a time; a record cannot 
bz created and immediately read back; thus, direct updating of tape files is not Possible, 


A tape device operates at considerably high speed. The rate of data transfers are 
usually in the range 60000 to 300,000 symbols per second. A tape reel can conta 


; in upto 
40 million symbols depending on density. of recording. 


MAGNETIC DISKS 


The magnetic disk devices also act as secondary storage units. Beside being very high 
speed devices, they have some unique features. 


The schematic of a typical disk device is shown in Fig. 1.9(A). A disk unit is mounted 
with a disk-pick consisting of 6 circular plates with 10 usable surfaces (outer 
used for recording). The disks are mounted on the same spindle and rotate 
constant speed. The access arms, mounted with 10 read/write heads, can move together 
radially across each disk surface. Data on each surface can be recorded in one of the con- 
centric circular tracks as shown in Fig. 1.9 (B). The number and capacity of each track Fe 
fixed (for example, the IBM 2311 disk systems has 200 tracks pet surface with stora 
of 3625 symbols per track). The data on these devices in a given track are Tecorded 
just like magnetic tapes ; in other disk systems, a track may be further divided into 
fixed length, which essentially act as blocks of pre-defined lengths. 


ones are not 
d at a high 


ge Capacity 
in blocks 
sectors of 


At any given position of access arms, one track from each surfac 
The set of simultaneously accessible tracks define the abstract rotion of a 
IBM 23M/EC-5052 contain 200 cylinders. with 10 tracks per cylinder. 
be moved to the cylinder before read/write operations on that cylinder can 
portion of time is spent in movement of access arm, and, hence, reco 
such that this time is cut down as much as possible. For this reason, 
cylinder-wise and not surface-wise. 


e can be accessed, 
cylinder, Thus, 
The access arm must 
begin. The Major 
rding of data should be 
the writing on disk ig 
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A block (or sector) stored on a disk pack can be uniquely reached by its address, which 
consists of cylinder number, track (or surface or head) number within the cylinder, and the 
sequential block (sector) number on the track. It is thus possible to access any block at 


Fig. 1.9 (A). Schematic of a disk unit with 6 plates, 10 recording surfaces, and 
movable access arm, 


(B). The concentric circles (tracks) on a surface in which data is stored. 


random, giving the disk device its unique characteristic of direct access. Thus, the data 
recorded on disks can be accessed both sequentially and randomly, Also, once recorded, the 
data can be updated in its place itself. 


FLOPPY DISKS 


A floppy disk, also called diskette, is a thin di 


isk like a 45-rpm record on which data 
can be recorded in concentric tracks just like magnetic d: 


isks. The diskette comes in a dust- 


SHUTTER 
WRITE 
PROTECT 
E TAB 
] 


HUB 
Fig. 1.10. Floppy Disks 
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proof jacket. It is inserted into a floppy disk drive, where it is rotated at a high constant 
speed. Incharacteristics, it is similar to the magnetic disks. The floppies are, however. 
restricted in their capacities and speeds. The capacities normally range between 300,000 to 
1 million symbols. i 


The floppy disk devices are extremely popular with micros, minis and small computer 
systems. 


1.5. COMPUTER SOFTWARE 


All that which exists physically in a computer is called its hardware. Thus, all the 
electronics and the electro-mechanical components that make up memories, control ait ALU 
and devices form the computer hardware. Also, the machine language, memory ge. device 
speeds, etc., are characteristics of the hardware. i 


A computer is a complex, costly and very high-speed machine, and may be simul- 
taneously used by a large number of users for solving their problems. Just the bare hardware 
is dificult to use and share between many users. For this reason, every computer manufacturer 
supplies, along with the hardware, a set of pre-written programs called computer system 
software. The primary objectives of the software are to 


(i) enhance the efficiency of hardware utilization, and 
(ii) make computers simple to use. 


The first objective is realized by that component of system software which is common} 
catled the operating system. It is like a manager who wants to maximize utilization H 
resources. We list below some of its major functions : 


(i) user identification and keeping account of resources used by the users. Thus, onl 
authorized users can use the computer. , y 


(ii) sharing of computer resources between many users. The sharing is achieved b 
allowing more than one user program to execute simultaneously. This is baa 
known as multiprogramming. A mix of programs can keep whole memory occu ied. 
all devices active, and the control unit and ALU constantly busy, thus a , 
utilization of hardware. A further refinement is /ime-sharing where a group of sore 


can simultaneously interact with the computcr. This is possible because com: 
speed is very high compared to human thinking time. puter 


(iii) executing batches of programs, one after another, without human intervention, 


(iv) protection of users’ data and programs. 


(v) providing input/output software which simplifies usage of devi ‘ 
individual device idiosyncracies. vices and hides 


An operating system understands a fixed set of commands. 
often called job control language (SCL). The JCL commands are used 
indicate their requirements to the operating system. 


This set of commands is 
by computer users to 
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Another important system software is the language translator (also called compiler of 
interpreter) with the objective of translating programs written in a programming language 
(see below) into the hardware’s machine language. 


The small computers are invariably provided with a large number of applicat ion software 
packages. These packages are developed for ready use of computers in specific application 
areas. like payroll, bank accounts, mailing lists, purchase ledger, etc. There are also applica- 
tion packages which are broadly useful, such as electronic worksheets, data base systems and 
word processors. We have devoted part 3 of the book to application packages because of 
their special importance in microcomputer utilization. 


1.6. PROGRAMMING LANGUAGES 


A language used for writing programs is called a programming language. The machine 
language is one such language. The advantages of using a machine language are : 


(i) they are directly understood by the hardware and there is no overhead of 
translation. 


(ii) all facilities provided by a machine are accessible and the programs can exploit 
them to solve a problem as efficiently as possible. 


However, the above advantages are of little consequence in view of many disadvantages : 


(i) too detailed knowledge of the machine is required. Only computer specialists (and 
not users) can use the computer. 


(ii) machine language programs are not portable as each com 
machine language. 


puter has its own unique 
(iii) the programs are very difficult to read, understana and modify. This is easy to 
see. The payroll procedure given in Section 1.2 can be e 
without additional explanations. It can be made even more readable by using 
words like RATE and PAY in place of symbols R and P, Imagine the same 
procedure written in machine language where it appears as a stream of digits, 
Readability and understendability are very important considerations, because 
programs often contain errors, and before putting them to active use, they must be 
tested and corrected. 


asily understood by us 


(iv) there is a large gap between the terms and conce: 
procedure for a particular problem and the concepts 
machine language level. Programming then becomes 


from our payroll procedure, which, in second step, 
machine language). 


pts we use in formulating a 
and facilities available at 
a two step job (as is evident 
should be converted into 


The computer systems have become so popular today because the above difficulties in 
machine language programming were realised very early and efforts were successfully made 
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to design artificial programming languages to bridge the above-mentioned gap. Such artificial 
languages are also called Higher-level languages. Althcugh they are vey rigid in rules (even 
a misplaced comma is not tolerated), they are quite close to natural lenguages and algebraic 
notations. For example, the following types of specifications can be made in the languages : 


IF SALARY IS GREATER THAN 300 
COMPUTE PAY=SALARY—SOCIALFUND. 
or LET A=B+C*D/2 


Writing programs using statements of above kind rather than machine language instructions 
is much easier, natural, easy to understand, test and modify. 


The question of translating higher-level language programs to machine level now comes 
up. Fortunately, a computer can be programmed to do this translation itself. As mentioned 
in the previous section, such programs, called compilers, are part of system software. 


It may be of interest to say here a few words about evolution of programming 
languages. The first step was taken when assembly languages were designed. Instructions 
in assembly language have same format as machine language except that symbols can be used 
in place of codes. For example, one may write 


ADD P, Q, R 


instead of +1234567. The translator of assembly language, called assembler, has to replace 
mnemonics like:ADD by internal code for addition (e.g., +1) and the symbolic operands 
P, Q, R by some addresses, 


In the beginning, computers found large usage in scientific applications, where programs 
frequently contain large and complex formulas. The next step was taken in the interest of 
scientific users by definition of a language called FORTRAN (an abbreviation for Formula 
Translation) which allowed formulas (like A=B-+ C*D/2—SIN(X).. ) in the language. Soon 
the computers caught fancy of the business world, and efforts began to develop languages for 
solving business problems. One such effort, which included many leading manufacturers, 


. resulted in the development of the COBOL language, which is the most widely used language 


today. i 


These efforts established feasibility of designing higher level languages and their efficient 
translation. They triggered off a chain-reaction and, today, we have a large number of 
programming languages. Some are general purpose, some are special purpose ; some empha- 
size on economy of concepts, some provide a large number of facilities ; some (like PLAN) 
have been promoted by manufacturers or (like ADA) by defence organizations, and some 
(like Algol and PASCAL) have originated in academic environments. Every computer, toda: 
comes with at least half-a-dozen programming languages. One can have his choice, depending 


is problem and his taste. 
Eg: 


onh 
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6. 


“EXERCISES 
Assume that you have a pocket calculator with capability to do arithmetic and some 
functions like square root, sine, etc. Write a procedure to obtain roots of the following 
quadratic equation : 
5x2 10x—7=0 
Clearly indicate the tasks performed by you and by the calculator. 
A large departmental.store has issued pocket calculators to its counter clerks to assist 


them in preparation of bills. The store gives 4 percent rebate for sales exceeding Rs. 1000. 
Describe a procedure to be followed by the counter clerks for using calculators in the task. 


If a computer was available in place of a calculator, what changes would be made to the 
procedures for Exercises 1 and 2 above. 


Draw an analogy between the functional block diagram of a computer and a person using 
a calculator. 


For the hypothetical computer of Section 1.3, assumes the following values stored in the 
memory : 


Location address 


Contents 
25 +50 
26 —200 
27 +150 
28 +315 
29 0 
30 —900 


A few instructions were defined in the text. Keeping their actions in mind, what would 
be the contents of above memory locations after executing the following instructions : 
Instruction address 


Instruction 
00 +1252730 
01 +6263003 
02 + 1272829 
03 1263030 
Will it be possible to increase the memory size of the h: othetic. i 
1.3 from 100 to 1000 locations. i ypothetical computer of Section 


For a magnetic tape unit, the recording density is 800 characters per inch, and the j 

3 : ter- 
record gaps are of $ inch. If the useful part of tape is 2300 feet long, how many ie 
cards can be stored on one tape : 


(i) if data from one card is written as one block, 
(ii) if data from ten cards is written as one block. 


Tn each case, calculate percentage of tape length wasted in inter-record gaps, 


8. 
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Assume that we have two programs A and B for execution on a computer. The programs 
A and B repeatedly perform the following tasks : 


Program A Program B 
(i) input for about 0°5 seconds (i) input for about 0°2 seconds 
(ii) computations for about 0'2 seconds (ii) computations for about 0'2 seconds 
(iii) output for about 0°3 seconds. 


The input devices of the two programs are different. The computer is capable of perform- 
ing input, output and computations in parallel. fn a multiprogramming computer 
system, the operating system starts execution of another program if the currently executing 
program encounters input/output operation. 


What will be the percentage utilization of CPU if : 
(i) the programs A and B are executed serially, 
(ii) programs A and B are executed concurrently in a multiprogrammed environment. 


2 


HISTORY OF COMPUTERS 


2.1. INTRODUCTION 


It is both interesting and educative to learn the history of computing devices. We will 
learn not only about the concepts, techniques and their use in designing mechanisms, but we 
will also be in a position to appreciate ingenuity of man in meeting his needs. A serious 
study of history requires understanding of various principles and their utilization in building 
machines. Such a study is, however, beyond the scope of this book. We will only outline 
the landmark developments and mention the persons who have contributed most. 


Today, we understand the computer as a very high-speed electronic machine that can 
store and process large amount of data, and which can be programmed to solve a variety of 
problems. Computing machines with these capabilities have a relatively short history, span- 
ning only a few decades. However, computing has always been fundamental to every human 
activity, and man has been interested in doing calculations since early days of his social 
interactions. Thus, many concepts and techniques have been developed‘and which have been 
of great significance to modern developments. 


The two fundamental concepts are the ‘number system’ and ‘algorithm’. A number 
system enables us to represent quantities numerically in compact and manipulatable form. 
An algorithm is an unambiguous, finite procedure for solving a problem using available basic 
operations. The word ‘algorithm’ comes from the phonetic Pronunciation of the name of 
an Arabic mathematician, Al-Khowarizmi, who gave a set of rules (thus, a procedure) for 
performing basic arithmetic operations of addition, subtraction, multiplication, etc., on decimal 
numbers during 9th century. Earliest recorded algorithms have been found on clay tablets 
as old as 1500 BC near ancient Babylon. The importance of algorithms for computing must 
be clearly understood : a machine may be capable of performing only a few basic operations ; 
by combining them into proper sequence, we can solve any computing problem by program- 

ming the machine as per the required sequence. 


2.2. EARLY METHODS OF COMPUTING 


Being able to count (e.g., one’s possessions : say, animals) was an early and funda- 
mental need. Even the concept of ‘one’ as against ‘many’ was not easy to come. Man 


(24) 
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yearned to count using his fingers. For larger counts, he used more sophisticated methods 
like making notches on a stick. These techniques were soon found to be inadequate, and the 
desire to invent better ways to represent and manipulate quantities became very keen. The 
number system has originated from this need. 


The decimal number system we use today was not the most obvious to man. He 
initially devised mere labels to represent groups of fixed size ; e.g., groups of 12 (labels used 
were dozen, gross), groups of 60 (for measuring time—minutes, hour), etc. Thg Roman 
numerals were developed where different letters were assigned to stand for different values 
(e.g., X for 10, V for 5). It is easy to see that these representations do not yield to systematic 
arithmetic calculations (e.g., XI+IV=XV using Roman numerals). 


The decimal number system, where digits 0 to 9 are used in different positions of units, 
tens, hundreds, etc., satisfies all our requirements. The concept of zero, which one might 
thoughtlessly consider as inconsequential, was necessary to devise it, and it was conceived in 
India. This positional number system allows us to formulate step-by-step procedures for 
arithmetic using digit-by-digit operations and the concepts of carries and barrows. Today, 
we take the decimal number system for granted, but its development is one of the most 
important landmark in the history of mankind. 


Even with use of fingers, algorithms were devised for complex operations like multi- 
plication, An interesting example is the one taught to Roman students for multiplying 
numbers between 5 and 10 using tables only upto 5x5. To multiply, say, 8 by 7, the 
procedure used was as follows : 


(i) Raise 3 {i.e., 8—5) fingers of one hand and 2 (i.e., 7—5) of the other, 
(ii) Add fingers raised (giving 5 here) to obtain tens digit of product, 
(iii) Multiply fingers not raised (2x 3=6 here) to obtain units digit (giving answer 56). 


Mental calculations using such procedures obviously have too many limitations. 


The positional. (or, tadix-based) number system is a general concept. The decimal 
system uses 10 as radix. The binary number system having radix 2 was developed relatively 
recently. This was a significant development beceuse binary system is easy to represent cn 
(as it needs to distinguish between only 2 symbols) and is closely releted to 
ic? (called Boolean algebra, named after the mathematician Boole). Logic, 
positions and operations on them, has a special place in Computer Science, 
f its central role in Artificial Intelligence which is the current thrust 


a machine 
algebra of ‘log 
dealing with pro 
and not merely because 0 
area in Computer Science. 


bstract concept of number system, although developed for arithmetic, is general 
sent other symbols and information through coding (e.g., 01000001 stands 
for symbol ‘A’). Advantages of binary system were realized much later ; initial efforts were 
confined to build computing devices based on decimal number system. Complex calculations 
in applications such as astronomy and navigation, and the need to do them with high speed 


The a 
enough to repre 


26 | MICROCOMPUTERS : PROGRAMMING AND UTILIZATION 


and reliability were the prime motivations to build computing machines, Also, as social 


interactions grew (e.g., selling, barrowing, lending, tax collections, etc.), need was felt for 
keeping systematic records of these transactions. 


By using beads (instead 
d. It has movable beads 


igure 2.1. Each column 
represents position of a digit (units, tens, hundreds, etc.) in a number. 


The origin of abacus is not very clear, 
in Europe claim to have invented it. While Arabic ab; 
Japanese abacus is quite different, A wire divides each c 


of weightage 5 on one side and 4 of weightage 1 on the Other, They are moved towards the 
dividing wire to represent a digit. 


Many nations like China, Arabia and countries 
acus has 10 beads in each column, the 
olumn in two parts, with one head 


The Hindus, Arab and European mathematicians were the first to develop techniques 
for written calculations, consisting mostly of tables to aid in multiplication and other arith- 
metic operations. The table approach was used by John Ni 


apier of Scotland in 14'4 for 
performing multiplication using bones engraved with tables 1109. The bones are arranged 
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side-by-side as per the digits in multiplicand, and various rows as per the digits in multiplier 
are read out and added together to obtain the product. 


pS = 
Ys A 
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MTA] 4 
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Fig. 2.2. Napier’s Bones 


23. ANALOG DEVICES AND MECHANICAL CALCULATORS 


The abacus uses what may be called as a digital representation of quantities, where 
representation is in ‘discreet’ steps and each bead represents a digit. The analog or continuous 
representation for numeric data is also possible. The ruler you use in geometry is typical 
example. It has graduations for measuring lengths in centimetres or inches. By using two 
rulers that can slide past each other, we can easily add or subtract two numbers. Of course, 
it is difficult to get exact answers because of reo4ding errors (e.g., try drawing a line of length 
3:525 cms.) 


Another analog representation of quantities is by proportional amounts of motions. 
The motion may be linear or rotary. In fact, wheels of different sizes mounted edge-to-edge 
or one on the surface of other have been used for performing computations. The class of 
problems where analog representation is desirable require solving of differential equations. 
-Recall that the ‘differentiation’ operation gives rate of change and ‘integration’ operation 
corresponds to area under a curve. With developments in electrical and electronic engineering 
in the recent past, continuous electrical signals are used for analog representation. The 
ensemble of circuitry to do the operations of adding, multiplying, integration etc., came to be 
called as ‘analog computer’. It is programmed by interconnecting (usually called ‘patching’) 
its components as per the equation to be solved. The output is recorded as a signal itself. 
Although analog computers’ have lost their popularity to the general-purpose digital computer, 
they are still used in some special applications. 


A significant development in mathematics is that of ‘logarithms’, which reduces the 
multiplication and division to addition and Subtraction. Logarithmic tables were prepared to 
facilitate complex multiplication and division with great speed and accuracy. This principle 
was used by Gunter in 1621 to design the ‘slide rule’, which consisted of sliding rulers marked 
with logarithmic (and not the usual linear) scales. The slide rule remained the main computing 
tool for engineers and scientists until recently when the low-cost electronic pocket calculators 


replaced them. 


The ubiquitous ‘wheel’ gave impetus to design of mechanical calculators. A gear wheel 
has teeth along its edge by which it can mesh with another gear wheel. The two wheels may 
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Fig. 2.3. Slide Rule 


have different diameters and number of teeth. A gear wheel can be rotated in discrete steps. 
The teeth are marked with digits. By meshing gear wheels, one for each digit position, and 
by rotating them, it was possible to perform arithmetic on numbers, 


The first mechanical digital calculator using gear wheels and dials was designed by Blaise 
Pascal in 1642 at the age of 18 to help his father who, at that time, was the superintendent 
of taxes. It could only perform addition and took care of carries automatically, 


Fig. 2.4. Blaise Pascal Fig. 2.5. Pascal’s Arithmetic Machine 


Gottfried: Wilhelm Von Leibnitz built his ‘Stepped Wheel’ calculator in 1694 at the 
age of 25. It was the first device to include all four arithmetic Operations. Multiplication 
and division were performed by repeated addition and subtraction, Tt was, however, not 
considered very dependable. Charles Xavier Thomas of France designed another and ieee 
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Fig. 2.6. Leibnitz’s Calculator 


accurate calculator in 1829. Similar idea was used by Baldwin i 
: eae in 1872 
beginning of calculating machine industry in America. that marked the 


Tt should be noted that none of these calculators were automatic or had an; 
Each operation was carried out separately ; they could not carry out a sequence of memory. 
without interruption. operations 


2.4, RECORD KEEPING & DATA ‘PROCESSING 


Record keeping is important especially when events and transactions span consi 
time. A bank pass-book is record of our deposit and withdrawals. A teache: a Sia 
of marks obtained by students in various examinations. For large organi T keeps record 
keeping is very crucial. ganizations, record 


Even barbarians kept records of transactions by maki 
sticks. In early days of banking, notches on sticks were Ue ieee T oF 
avoid disputes. The stick was cut in half lengthwise and the bank and ae s straight and 
one part. Thus began the rudimentary book-keeping, spurred by ares a each kept 
controls and the need to obtain information for decision-making. ion, government 


Clay tablets over 4000 years old have been found in Babylonia containin 
money-lending. In Egypt, accounts were kept on parchment. The ris hire ig: of 
b ok-keeping system for accounts was developed in Italy in 14th centur een 
devices for systematic storing and processing of large amount of data were Sai ae y 

meet 


requirements of large organizations. They included the typewriter, letterpress and 
‘ nd cash 


registers. 
er was invented by Glidden in USA around 1868 and 
the cash regi 
gister by 


The typewrit Bor 

n 1878. In 1887, Felt patented his first com 3 
ptometer, and its į 

$ mproved 


Ritty, also of USA, i 
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versions were in use till recently. The first practical adding and printing machines were 
produced by Felt in 1889. A few years later, a 90-key machine which could handle 9-digit 
numbers was developed by Burroughs in USA. Around 1915, Monroe and Baldwin introduced 
their calculator, which could perform all arithmetic operations automatically and ‘at high speed. 
However, it did not include printing facilities. 


The so-called accounting machines were developed after first world war. They could 
print numbers in many columns (like a table) and could do arithmetic. Special billing 
machines for preparing invoices were also introduced. These machines were not automatic 
and also not well-suited for storing large amount of data for repeated processing. 


2.5. PUNCHED CARD ERA 


An event occurred in 1801 that was to have far-reaching impact on later developments 
in automatic equipment. J.M. Jacquard of France perfected the first automatic machine for 


= 
-an 


Fig. 2.7.. Jacquard’s Punched Card Loom 


weaving intricate designs into cloth. Tt made use of a card with holes for controll 
ment of threads on the loom in a specific sequence. 
to represent a ‘program’ to be ‘executed’ by the weaving machine automaticall J 

A i ‘ ` < .- Ja 
must be given the credit for the ‘stored program concept where the A ei 
executed is itself stored in the machine. Charles Babhage, who is credited with this 


ing move- 
The holes on the card can be said 


i The at 5 concept, 
employed Jacquard’s concept in his automatic calculating machine much later, Jac ate 
in fact, did not get acceptance for his revolutionary work due to ‘fear of machines’ althou h, 
with Napolean’s help, he later established usefulness of his invention. i en, 


The year 1880 marks beginning of punched-card era. 
engaged services of Dr. Herman Hollerith, a statistician, for processing huge census data hi 
manually needed years to complete and did not produce information in time fo 2 ich 
planning. The census processing essentially consisted of rearranging data and ‘MRE: fee 
according to various parameters (¢.g., age, income, education level, etc.), £ them 


The Census Bureau of USA 


HISTORY OF COMPUTERS | 31 


Fig. 2.8. Charles Babbage Fig. 2.9. Babbage’s Analytical Engine 


By 1887, Da. Hollerith completed a system using punched card principle, where data 
was represented by making holes on a card of 3-inch by 5-inch size. He also designed 
punching machine, sorting machine, and machines which could sense holes and count cards, 
About 50 to 80 cards could be processed per minute, reducing enumeration time to th and 
tabulation time to sth of manual processing. The census data of 1890 was processed in 
just 2} years using these machines (8 years wete required for 1880 census). In 1896, 
Dr. Hollerith founded the Tabulating Machine Company for manufacturing his machines, 


Fig. 2.10. Dr. Herman Hollerith Fig. 2.11. Hollerith’s Tabulating Machine 


7 i ime Recording Company and Dayton Scale Com 
; th the International Time i pany 
It mer ME uting—Tabulating—Recording Company. In 1914, Thomas J. Watson Sr. 
to orm the i N In 1924, its name was changed to International Business Machines 
pecan T pea known as IBM, the largest manufacturer of computers. 
orporation m 


James Powers to design and develop more equipm 
ureau engaged a 3 Pment 
be ne US ee pres to process now-much-larger census data, Powers designed 
er spee 
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many new, completely mechanical machines including one for simultaneous punching (i.e., by 
one key stroke) of 20-column cards. It had the advantage that the entered data could be 
verified before punching. Powers’ equipment performed very well and, realising their 
commercial value, he started Powers Accounting Machine Company. It was later acquired by 
Remington Rand Corporation in 1927. In 1955, it merged further with Sperry Corporation 


to form Sperry Rand Corporation, the Univac division of which manufacture the well-known 
UNIVAC data processing computers. 
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Fig. 2.12. The IBM Mark I 
4.6. AUTOMATIC MACHINES (COMPUTERS) 


It is generally agreed that Charles P. Babbage (1791-1871) is the father of modern 
digital computer. He was a prefessor of mathematics at Trinity College, Cambridge, England. 
A man of varied interests (railroads, economics, politics), he was also an expert mechanical 
engineer. Babbage wanted to compute extensive mathematical tables. 
formulated procedures for computation of tables using the methods of finit 
1812, Babbage started work on building the 


gadget, to compute the tables automatically, The Prototype took 10 years of work, It 
received wide acclaim, and also grants from Royal Society and British Government for 
construction of full-fledged model. However, Babtage soon became interested in developing 


a new idea for building a general purpose machine, The original plans for the difference 
engine were abandoned. 


He and his group 
e differences. In 
“Difference Engine’, a completely mechanical 


Babbage’s second project was the “Analytical Engine”, which was designed and 
partially built in 1830. This machine should be regarded as the first, completely automatic, 
general purpose digital computer. In its plan, it included a memor 


1 y for storing numbers, an 
arithmetic unit for performing computations on stored numbers, and a control unit to coordi- 
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nate and supervise execution of a sequence of operations. The sequence (<quivalent to a 
‘program’) was also to be stored in memory. Thus, the machine was to have an organizatjon 
similar to modern compute:s. It was also to incorporate the ‘stored program’ concept. 


Babbage’s ideas were ahead cf the state of technology of that time. He had planned 
to build his machine using only mechanical components. He worked on it until his death 
with the work far from complete. Later, his son succeeded in completing the arithmetic unit, 
although it was never put to actual use. Still, Babbage’s effort was a pioneering work in that 
he gave the basic idea and nature of problems to be faced. His ideas were not used and 
exploited for almost hundred years, and it was only after the Second World War that they 
were revived and-incorporated ‘in modern computers usiug a far superior technology. 


While Babbage is credited with the stored program concept, his colleague Augusta Ada 
Byron, the daughter of poet Lord Byron, is regarded as the first programmer. She understood 
the full significance of Babbage’s invention and outlined how it could solve many problems 
by programming it. She is more well-known as Countess of Lovelace (or, Lady Lovelace) ‘as 
she married an earl. She died at an early age of 37 in 1852. ‘To honour her memory, a new 
programming language called ADA has been recently (late 70s) designed. ADA embodies all 
the important developments in programming technology. The design of ADA has been.a 
major exercise spanning many years and involving many scientists and organisations from 
Europe and USA. Its design was sponsored by US Department of Defense, a major computer 


user. 


After Babbage’s death and until 1937, there was not much activity in design of 
computers. By then, Hollerith and Powers had established their punched card machines for 
automatic calculations and tabulation. In 1937, Prof. Howard Aiken of Harvard ‘University 


Fig. 2.13. Prof. Howard Aikens 


approached IBM with a proposal for a large scale calculator to be built from electro- 
mechanical devices being used in punched card machines. The resulting machine, called 
Harvard Mark I. was ¢ompleted in’ 1944. It could perform a sequence of calculations 
automatically. Input and output were through punched cards, and the sequence of calcula- 
tions to'be performed was given through a punched paper tape. It used decimal number 
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system. Mark I was widely used by scientists and engineers. A working model is still on 
display at Harvard. Aiken followed it up with many other’ models, 


The machine however 
lacked the general conditional execution facility. 


The efforts and success of Konrad Zuse of Germany in building program-controlled 
calculators became known only after Second World War. His Z3 model, operational in 1941, 
used mechanical storage, while other components were made from telephone relays. A relay 
is an on-off device, and hence represents a binary digit. Various other electro-mechanical 


machines were built during and after World War II at Bell Telephone Laboratory, IBM and 
other places. 


Thus, around 1940, there was a shift from purely mechanical to electro-mechanical 
machines, latter using electrical relays that lend more reliability and higher speeds. Relays 
can be used to store binary data, and it is simple to perform boolean (AND, OR, NOT) 
operations on them. Circuitry for arithmetic can be devised using boolean algebra. The 


relays were soon replaced by the discovery of vacuum tube and subsequent developments in 


electronics. The vacuum tubes provide much faster switching, allowing operations to be 
performed at high speed. Although used initially, vacuum tubes are bulky and Tequire high 
voltages. They generate too much heat and demand heavy air-conditioning. The research 
in semi-conductor physics lead to invention of a “transistor”. It is a solid-state semiconductor 
device that can be used as a switch and memory element. It is small, consumes less power 


and enables switching in microseconds. Ina span of about 20 years, there were tremendous 
technological advances enabling design of lar, 


ge, reliable, very high speed and economical 
computers. Electronics became the technological base for computers. 


Fig. 2.14. ENIAC 

The first completely electronic computer was ENIAC (Electronic Numerical Integrato 
And Calculator), designed by Dr. John W. Mauchly and J.P. Eckert and built in 1945 at E 
Moore School of Electrical Engineering of University of Pennsylvania. Only the input-out A 
devices contained mechanical components for punched cards, ENIAC was operational E 
1956. On the strength of its success, Mauchly and Eckert formed a company, latex: aye 
over by Sperry Rand, and played a major role in development of UNIVAC the ae 
commercial computer. l 


ŘŘĖŮŮ 
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ENIAC used over 18000 vacuum tubes. It had a small memory of 20 locations, each 
capable of storing 10 decimal digits. It included multiplier, divider and other functional 
units. It was programmed externally by using wires. ENIAC effectively demonstrated the 
speed gains in using electronic technology ; it was 300 times faster than the best available 
electromechanical calculator. 


2.15 J.P. Eckert 2.16 JW. Mauchly 


In mid-1940, Dr. John von Neumann, another pioneer, presented a report at Moore 
School in which he described the basic philosophy of computer design. It incorporates a 
central memory unit for storage of both data and programs. His design philosophy, called 
‘yon Neumann architecture’, forms the basis for all modern computers. It is only recently 
that efforts are being made to depart from von Neumann architecture and use new architectural 
concepts from parallel processing, and parallel and functional programming. 


The first computer built using von Neumann principles was EDVAC (Electronic 
Discrete Variable Automatic Computer) in 1945. It was also the first to employ binary 
number system. Dr. Von Neumann wrote the first program for it for internal sorting of 
data and demonstrated its general problem solving capabilities. 


The Sperry Rand Corporation introduced in early 1950s their UNIVAC (Universal 
Automatic Calculator), which is often considered as the first step towards completely automatic 
data processing. Unlike other earlier computers that were designed for scientific and 
engineering applications, UNIVAC was oriented towards business applications. It was first 
to handle both numeric and alphabetic data. UNIVAC was popularized through television 
shows, and it was used in correctly predicting 1952 US presidential election results. It may 
be given the credit (!?) for creating the popular belief that a computer is an ‘electronic brain’, 


The computer industry received main thrust from business applications of computers 
Intensive research and development efforts were undertaken to produce better and better 
machines. Breakthroughs were achieved on both hardware and software fronts, 
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By mid 1950, the transistor had become a commercial reality. The semiconductor 
technology offered many advantages to hardware designers : compactness, high speed 
operations, low power consumption leading to less stringent air-conditioning, longer life and 
less susceptibility to failures and low cost. Soon thereafter, many semiconductor companies 
intensified their R & D efforts to upgrade technology for mass production of computers. 


The well-known companies, led by Texas Instruments and Intel Corporation, created 
a new idea in early 1960s.. They fabricated several transistors on a single silicon surface and 
interconnected them to form ICs (Integrated Circuits). The technology went through many 
phases, each achieving higher density of circuits ona silicon chip. With small-scale integra- 
tion (SSI) 3 to 4 flip-flops (i.e., a couple of transistors that can act as a memory for one bit) 
were put on a chip ; with medium scale integration (MSI) and minicomputer boom, about 
200 transistors were accommodated on a single chip ; in late 1960s, several semiconductor 
companies began work on large scale integration (LSI) and accomplished a few thousand 
pieces per chip. 


In 1971, the Intel Corporation created a history by delivering the first piece of now 
famed 4004 microprocessor. Here, the entire CPU of a limited computer was fabricated on a 
single chip. This was soon followed by many microprocessors of much greater speed and 
functional capabilities. The microprocessor led to proliferation of microcomputers and 
personal computers. The hardware prices reduced to the extent to make acomputera 
household item ! Tremendous strides were made in device technology too. Very high speed 
card and printer devices enabled large organization to handle voluminous data. Magnetic 
tapes were developed for long term data storage on economical, compact and yery high speed 
medium. The evolution of random-access magnetic disks made it possible to design on-line 
application systems. To match reducing hardware prices and increasing demand for mini 
and microcomputers, low cost devices like floppy disk were developed. 


Technological developments for computer design are traditionally classified by 
“generations”. The first generation computers (e.g., UNIVAC) used vacuum tubes. The 
second; generation computers (e.g., IBM 1401) were built from transistors and other discrete 
components like resistors, capacitors, etc. The third generation (e.g., IBM system/360) used 


integrated /tircuits. Very large scale integration (VLSI) is the technology used for the present- 
day fourth generation computers. 


The term ‘software’ basically refers to a computer program. The machine language 
as pomted out in Chapter 1, is the language understood by hardware. Writing programs ‘a 
a machine fanguage is very difficult. Computers would not have received today’s wide 
acceptibility if their manufacturers had not made them simple to use. A computer system 
includes ‘system software’ for providing simple interface to its users as well as to enhance its 
own effective utilization. Like hardware, we can identify generations of software. The first 
generation software consisted of standard subroutine libraries and assemblers. The assembler 
provides a language that has one-to-one correspondance with machine language, but program- 
ming is simpler here due to use of symbols and mnemonics. The second generation software 
included monitors (a primitive operating system), macroassembler (an extended assembler ; 


“WS 
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a macro is a group of assembly statements that can be tailored and used many times in a 
program), and higher level programming languages like FORTRAN, BASIC, COBOL, etc. 
The third generation software further extended the range and functions; for example, 
complex operating systems provided time-sharing (simultaneous use by many people), virtual 
memory and host of other facilities ; database management systems (DBMS) were developed 
to store and access large volume of data. The modern computer systems emphasize user- 
friendliness (very high level, problem-oriented, interactive facilities)'in their softward packages. 


In 1943, there were no electronic computers. Ten years later, many electronic 
calculators were commercially available. However, general purpose, stored-program electronic 
digital computers were yet uncommon. Then, between 1953 to 1958, hundreds of vacuum 
tube computers were put in operation. By early 1960s, solid-state semiconductor technology 
established itself and transistorized computers completely replaced vacuum tube computers. 
Thousands of computers were delivered and installed. The small and medium scale integra- 
tion (SSI and MSI) dominated 1970s and LSI and VLSI have dominated since early 1980s. 
Today, computers are produced in a staggering range of functions and capabilities, with PCs 
that have made computers a household item at one end of spectrum to super-computers at 


the other end. 


We have, in this short historical sketch, mentioned only the landmark and most ‘visible’ 
developments. We have been unable to cover many salient contributions of concepts and 
techniques in computer hardware, software, applications and theoretical foundations. - For a 
serious student of computer history, it will be necessary to go into contributions such as those 
made by Alan M. Turing towards theory of computation (for which he has been honoured by 
ACM by instituting most prestigious Turing award given every year to outstanding contri- 
putors), E.W. Dijkstra towards programming methodology and operating system design, 
M. Minsky towards artificial intelligence, etc., etc. Of course, to appreciate impact of these 
contributions, one would need considerable background in computer science and engineering. 
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MICROCOMPUTERS 


3.1. INTRODUCTION 


In the early days, computers were very costly and only large universities and business 
organizations could afford them. They were used in universities for solving complex scientific 
and engineering problems. In the government and business Organizations, they were installed 
in a separate department frequently called EDP (Electronic Data Processing) Centres. These 
centres periodically produced large printed outputs containing managerial information. 
While the impact of computers was being felt by all, they acquired an air of mystery and 
remoteness, leading to such misconceptions as ‘superbrain’. 


The picture has changed drastically over the past few years. 
in electronics, and specifically 
reduction in hardware prices, 


Due to rapid advances 
in integrated circuit technology, there has been tremendous 
The technology now permits designing computers over a broad 


Fig. 3.1. Microcomputer 
(38) 
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spectrum of prices and power for use not only in large organizations and for complex problems 
but also for common man and day-to-day simple problems. The result: the computer 
revolution has become a reality and their full potential is being exploited in all areas of 
human endevour. 


In the previous chapter, we have seen the main components of a computer system and 
also its distinguishing characteristics over a pocket calculator. The components and their 
functions are the same whether you have a large computer (commonly called mainframe), a 
mini, or a micro-computer. This gradation is primarily a matter of scale and the boundaries 
between them are not well-defined (in fact, this gradation may lose its significance in future). 
A number of factors are used as basis for making distinction between large, mini and micro- 
computers. Let us consider some of them. 


(i) Central processing unit (CPU) : The VLSI (Very Large Scale Integration) technology 
for making semiconductor chips enables today to put on a single chip the amount of electronic 
circuitry which earlier used to occupy a large cabinet. The entire CPU on one chip is called 
a microprocessor and contains circuits for performing arithmetic and logical operations and 
for interpreting machine language instructions. The microcomputers geneially have a single 
chip CPU. Compared to large computers, they will have a restricted set of instructions and 
only a few methods for internal representation of data. The Intel and Motorola Corporations 
of USA are the well-known names manufacturing microprocessor chips (with trade codes such 
as 8085, Z80 and Mc68000) which are very commonly used in microcomputers. 


(ii) Memory size : The smaller computers tend to have smal] memories that may also 
be slower. The large computers, by necessity, must have large memories, because they 
would be used simultaneously by many people in order to optimize investment in them, On 
the other hand, a micro-computer is frequently a single-user system. Still. they are now 
available in wide range of memory starting from 64 Kbytes (1 Kbyte= 1024 bytes. see Sec. 3.3) 
and expandable upto one million bytes. We can select the memory size to suit cur A 


and applications. 


(iii) Wordlength : The wordlength indicates capacity of a memory location. Lesse 
wordlength signifies smaller range and precision for representation of numeric AT 
Jt also has an impact on instruction length, repertoir and addressing capabilities of the CPU. 
(The software may hide these limitations at the cest of speed). The micrcccmputers tend w 
have wordlengths of 8 or 16 bits (1 bit stores one binary digit, see Sec. 3.3), the former being 
predominant in the past and the latter becoming a standard today. Microprecessors with 
32-bit wordlength are already off the design boards and this factor may not be significant in 


future. 


(iv) Types of memories: The microcomputers usually contain two types of memories 

The one called ROM (Read-Only Memory) is non-destructive whose contents cannot be 

changed by the user. They contain fixed software supplied by the manufactures such as 

Loader (to read other software from floppy disks into memory), device handling software 
routines and even compilers (e.g. for translating BASIC programs into machine langua 

The size of ROM may be 4k bytes onwards. With ‘software chips’ available in the SA 

> 
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we can plug-in more ROM chips to extend software capabilities (software is usually available 
on floppies, which need loading). The other memory is called RAM (Random Access 


Memory). It is used for storing user’s program, data and for loading software from floppies. 
Both reading and writing operations are permitted on RAM locations. 


(v) Devices: The VLSI technolo 
and elegant devices for microprocessor-ba 
of cost and ease of use. 
One can also connect c 


gy was supplemented by developments in cheaper 
Sed computers. This was important both for reasons 
The devices with microcomputers are of lesser capacity and speed. 
ommon electronic home gadgets like TV and cassette recorder/player. 
For easy interaction with the computer, additional devices, besides key-board, like light-pen, 
joy-stick and mouse (explained in details in Chapter 8) are provided along with graphics 
capabilities whereby not only text but pictures can displayed. Itis also possible to connect 
your microcomputer to outside large computers through the telephone network, enabling 
you to get the power and services of a mainframe. The mainframe may be designed to provide 
information (such as about tourism) and services (like hotel and airline reservations) 


the microcomputer in your home, leading, thus, to the realization of the dream of 
tion Society’. 


through 
‘Informa- 


In view of these factors, we can picturize organization of a microcomputer as shown 
in Fig. 3.1. 

Besides the technical factors discussed above, the two additional factors, which in future 
may be the only distinguishing factors between large and micros, are the Physical size and 
cost. The microcomputers are small-sized, easily carried in a suitcase, but often table-top 
models. The prices may be as low as $ 100 depending upon the configuration. Since we 
can now afford to acquire and use a computer for personal work (whether at home or work) 
the microcomputers are frequently termed as Personal Computers, or PCs for short. 


The software on micros also has some di 
Systems are simple as only a sin 
elaborate data management, schedu 
system is thus quite simple. 
or microcomputers, 
are also available on 


stinguishing characteristics. Their operating 
gle-user (at a time) environment is needed. There are no 
ling and accounting facilities. The interface with operating 
The CP/M and UNIX are the well-known Operating systems 
The popular languages like BASIC, Pascal, FORTRAN and COBOL 
most, although interactive languages like BASIC are predominantly used, 


The main thrust with microcomputer ş 
their usefulness among common people, it is ne 
skills in programming, T 
problems and require little 
such as pay-roll. A ready- 
users Only need to describe data and 
The same task would take con 


tested in a language like COBOL. 


ystems is On application software. To spread 
cessary that their use do not require very high 
he application software packages are designed to solve specific 
To illustrate, consider an application 
be put to use in a few days, where the 
rules for salary 


ty calculations using a simple notation. 
siderably more time when programs have to be written and 


ided into two categories : one, 
eneral nature but 
ategory, we have 


ddressed, and, two, w 
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i sales ledger, purchase ledger, bank accounts, etc.), job 
es a See ace carci set (games), and educational software. The latter 
ee nk E like electronic work sheets, word processors, graphics and data base 
mS Des oe 3 of this book is devoted to study of some of these to emphasize and 
R Suffice it to say here that the two salient features of the microcomputer 
encou. . 


ftware are the interactive nature (where results of individual ccmmands are displayed 
softw: 
immediately) and ease of use. 


3.2. A CASE STUDY 


A large number of PCs are available in the market today, 
similar hardware and software features. We will only mention the na 
select one for detailed description as a representative case. 


and all provide broadly 
mes of popular PCs and 


The PCs from APPLE computers of USA were probably the first to make a world-wide 
impact. Their Apple II and III microcomputers were very popular. They have now intro- 
duced new systems called LISA and MACINTOSH which have more sophisticated user 
interfaces and enhanced facilities. The IBM corporation has also entered the field and 
captured considerable PC market. The IBM—PC and the recent IBM—PC Jr. have become 
de facto standards with many compatible hardware devices and software systems available for 
them. The latter hasa fancy cordless keyboard that can be moved 


around easily. The 
other well-known PCs in the US and world market are 


e Commodore 64 with 6510 microprocessor, 64K RAM, Keyboard with lower and 
upper case letters as well as 8 function keys (whose purpose can be Programmed), 
high resolution graphics, sound and music capabilities, and cassette and floppy 
peripherals. 


@ Sinclair’s recent QL small business computer with 16/32 bit Motorola’s 68008 
microprocessor, RAM expandable upto 640 Kbytes, colour graphics and all the 
usual attachments. 


@ The BBC Micro from Acron Computers, UK, which we outline in details below. 
We have mentioned some well-known names without any bias or preference, There are 
too many PCs to be enumerated here and new models are being announced Tegularly. The 
awareness of computers is spreading very fast in our country too, and the use of micros 
mainly in small organizations and by end users is catching fast with the world trends, 
Consequently, there are today large number of Indian companies assembling, 
(partially) manufacturing microcomputers. Most of them are counterparts of 
PCs in the US market. We will again mention a few names 


without any prejudice 
(i) DCM Tandy TRS—80 Model 4 based on Ra 


dio shack (USA) model with Z80A 
microprocessor, 14K ROM, 128K RAM, keyboard wit 


i h 3 function keys, display 
unit, printer and floppy devices, and BASIC language. 


selling and 
established 


(ii) Orian 8000 and the recent 5C from Zenith Com 


puters with extensive software 
support. 
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(iii) ALPHA from Usha Micropro: :ss Controls Ltd. 
(iv) ELLIPSE from ECIL 
(v) NEPTUNE from MINICOMP Pyt. Ltd. 


It may be mentioned that new PCs are constantly being announced in Indian market 


too, 


SCREEN 


PRINTER 


TO BE PLUGGED INTO 
MAINS 230 Volts 


Fig. 3.3. B.B.C. Microcomputer 


The BBC Micro, like most PCs in the world market, has elegant and powerful features 
with extensive software support. It deserves a special mention as it has been selected by 
the Government of India for its ambitious project of introducing computers in schools, 


The BBC PC is a twin CPU machine. By sharing the workload between CPUs, the 
speed of the PC is greatly enhanced. 


Its architecture permits plugging-in of upto 5ROMs. Hence, five software 
can be hooked to the system as ‘software chips’. One can switch from one 
to another by a simple command. 


packages 
software package 
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The software ROM chips completely frees its 32 K Bytes of RAM for user programs. 
In a twin CPU system, RAM can be extended by another 64 K. 


The BBC Micro can be connected to a printer, display device or home TV, cassette 
tapes and floppy drives. The floppies may be of 40 or 80 tracks giving disk storage capacity 
of 100 or 400 K Bytes. Two floppy drives can be attached. Two or more BBC Micros can 
share costly devices like floppy drives and printer by connecting them in a network fashion. 


ït provides a joystick for easy interaction. It permits positioning of cursor by rotating 
the stick. The micro is connected to a loud-speaker and we can write programs to produce’ 
variety of sounds and music by varying loudness, pitch and duration of the notes. 


A speech 
processor can also be attached to BBC Micro for producing coherent speech. 
BREAK 
Beane RESETS THE 
INTERRUPTS COMPUTER EDITING 
KEYS 


RINE 
LEG 
Eaa 


— 


SHIFT FT 
BOSS E [z] 
CTRL 


OPERATES CONTROL 


DELETE RETURN 
RUBS OUT MOVES THE 
EEN oe sage SPACE BAR | CHARACTER CURSOR TO 
PUTS IN A SPACE 


TO LEFT OF START OF 
CURSOR NEXT LINE 
Fig. 3.4. Key Board of BBC Computer 


Its keyboard is a standard one with upper case, lower case, numeric and other keys. 
They are 10 function keys and many of its software packages make use of them for simplifying 
user interactions, 


Its graphic facilities are also quite powerful. It provides various modes of operation 
whereby resolution and number of colors can be varie 


d (these terms will become clear in 
Chapter 8). Animation of pictures and creation of user-defined symbols are possible. 


Its language for programming is the BASIC with m 
for graphics and sound. Besides, there are many useful softw. 
supplied by the manufacturers. There are many educationa 
expected to be enjoyable and informative to the school child 


‘any extensions, including facilities 
are packages (like word-processor) 


l packages available too, which are 
ren, 


miaj 


RY 


Pu W 
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DATA, OPERATIONS AND ALGORITHMS 


41. INTRODUCTION 
The two important objectives of this part are : 
(i) You learn to develop programs for solving problems of your interest, and 


(ii) You be able to use computers through the popular programming language . 
BASIC. 


The activity of solving a problem has many stages. The important ones are : 


(i) Stating the problem unambiguously. The problem ‘what is the average tempera- - 
ture around this place’ is not stated completely. For example, it does not say over how many 
days this average is to be worked out. 


(ii) Analysis of the problem. This step involves finding out the available data, their 
inter-relationships, and how to manipulate them to obtain required results. Also, do the 
results to be preduced really solye the problem ? 


(iii) Developing a procedure that indicates the sequence in which the operations are to 
be performed on data to produce the results. 


(iv) Converting the procedure into a computer program using a suitable programming 
language. 


(v) Finally, testing the program and running it to obtain results. 


The problem solving activity gets oriented towards computers from step (iii). The 
procedures developed for a machine are usually called algorithms. This new term is intended 
to make certain aspects of the procedures very specific : 


(i) An algorithm must be unambiguous (a machine neither has commonsense, 


nor 
experience, nor any ability to understand the problem). 


(ii) Every step of the algorithm must be executable by the machine. 
average of a, b, c, d’ may not be understood by the machine. 
of additions and division if these operations are available. 


A step ‘calculate 
It should be expressed in terms 


(47) 
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(iii) Finally, every algorithm must terminate or come to the end of execution. We are 
not interested in solving problems that take eternity to solve. 


The most challenging part of using computers is developing algorithms. In order for 
a problem to be solvable, we should first ourselves know a procedure to-solve it. In most 
situations, however, our procedures do not use terms, concepts and operations available on 
a computer. For example, we may use concepts like ‘queues of people’. We also leave out 
many things as being commonsensical to any human being. The development of an algorithm 


requires us to map or transform a rough procedure into a precise procedure that uses only 
the concepts and facilities. 


Since we are going to write programs in higher level languages, we should really talk 
in terms of concepts and facilities provided by these /anguages and not by a machine hard- 
ware. The facilities can be divided into the following categories : 


(i) for organisation and representation of data, 
(ii) for manipulating data (i.e., operations), and 
(iii) for sequencing the execution of operations. 
An algorithm for a problem indicates operations to be 
thus drawing facilities from the categories (ii) and (iii) above. 
is expressed using concepts of category (i). 


dent of data, but on the contrary, they are y 
sentation of data influences the possible ope 


performed and their sequence, 
The data involved in a problem 
We are not implying that algorithms are indepen- 
ery closely related, as the Structure and repre- 
tations on them. This leads to the statement : 


program==data-+-algorithm 
(which is the title of a very well written book by Prof. N. Wirth). 


One purpose of this lesson is to outline the available in 
programming languages without going into their form. The primary purpose is to learn 
development of algorithms. We will consider many problems and di i 

levelop al 
them. You could then do the same for other pro bese itis for 


blems. It must be most i 
stated here that programming is best learnt by practice nding solved 


rather than i 
problems. Merely reading solved 


simpler facilities commonly 


4.2 BASIC DATA TYPES AND OPERATIONS 


A general purpose computer is capab! 
types not only have different representatio 
instructions to manipulate them. Each type 
problem, we should try to selecta type fo 
problem’s requirements. 


e of dealing with various types of daia. These 
ms inside the computer, but there are different 
has certain characteristics, In Solving a particular 
r each data value that closely corresponds to the 


4.2.1. ELEMENTARY DATA TYPES 


A basic or elementary data is the one which as a whole has some meanin and which 
is not to be split further. For example, the salary value i SPO 
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do not separately try to interpret the three digits it is made up of. Let us now consider the 
types of elementary data values one may encounter. = 


NUMERIC DATA 


This type is the most familiar to all. One obvious characteristic of such data is that 
we can perform arithmetic operations (such as addition, multiplication, etc.) on these types. 
Numeric data itself can be divided into two different types : 


(i) Integers. Here, the numeric quantity is a whole number. It does not have a Ractional 
part. Some examples are 


719 —305 0 
E7) 35 200 


Such numbers do not have a decimal point. Some data such as number of employees or goals 
scored in a football match are obviously of type integer. 


(ii) Real Numbers. Thisis a more general class. The numbers here may include a 
fractional part. They always include a decimal point. Some examples of real numbers are: 
3.14 2.3334 —712.29 
— 1000.0 0.1234 —7.0007 


Some data such as pay earned or commission of an agent or average temperature are naturally 
represented by real datatype. You may already have noted that integer type 1s a special case 
of real : with zero fractional part. While mathematically speaking, you are right, but with 
computers, we maintain the distinction for two important reasons. Firstly, they are represented 
inside a computer differently. Secondly, arithmetic on integer data is always exact ; arithmetic 
on real data is limited by precision of @ computer. An example will clarify the latter. The 
result of dividing 1.0 by 3.0 is an infinite fraction 0.3333333 .. which can never be stored on 
a finite machine. It may be stored as 0.3333333 on a computer if it allowed a precision of 
7 digits. 

A real number, sometimes, may be of very large or very small value. Such numbers 
are usually written by us in terms of power of 10. For example, 


3,1 108 751 x 10731 


Numbers of such large/small magnitudes are also allowed, but written Slightly differently as 
3.1 E8 I5WE= SI 


where E stands for ‘power of 10. 


The real numbers, of course, are not the most general type. In scientific computations 
i ` . J 
we also require the complex type of data. We will, however, not go into this type, 


ALPHANUMERIC DATA 


The data such as names of people and cities, messages, queries and 
(e.g., 29 UP’ train runs from CALCUTTA to BOMBAY) are non-numer 
alphanumeric type. The term string is also used frequently. It is obv 


train route codes 


ic Or, more Precisely 
i A 
iously Meaningless to 
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Operation also produces a result. An operation Tequiring only one operand is called unary, 
while those requiring two operands are called binary operations. 


ARITHMETIC OPERATIONS 


The following four operations are known to all. They are binary operations. We 
also give below the symbols used for them in programming languages. 


Addition + 

Subtraction — 

Multiplication * (and not . or x) 
Division t 


Besides this we also have the negation unary operation (also represented by —) which reverses 
the sign of its operand (e.g:, as in —8 +5) and the exponentiation or raising to power binary 
operation denoted by **. An example of the latter : 


24 meaning 2 multiplied with itself 4 times (giving 16) is written as 2**4, 


All these six operations can be used with numeric data types (both integers and real). 
Tas program ning languiges also allow mixing of integer and real types in a single operation. 
Conversion of integers to the more general class of reals is done automatically, whenever 
required. It should be noted that division of two integers produces integer result, e.g., 5/2 
gives 2, A care should, however, be taken to avoid exceptional cases where there are no 
mathematically well defined results. For example : 


division by zero is not allowed, 


raising a negative real number to a real power [e.g., (—27-2)'54] is not permitted, 
Such situations occurring in a program are treated as errors, usually causing abnormal termina- 
tion of the program. 


COMPARISON OPERATIONS 


The comparison, also called relational, operations are binary operations for comparing 
values of similar types of data. The result of these operations is of logical type. The various 
relational operations and their representative symbols are given below : 


equal to T 
greater than > 
less than < 
not equal to Š = or < > 
greater than or equal to >= 
less than or equal to <= 


The operands for these operators may be either numeric or non-numeric type.. While 
comparison of numeric quantities is well familiar to us, the comparison of alpha-numeric 
quantities is also defined for a computer. A common example where We Ourselves use non- 
numeric comparisons is the sorting of names alphabetically. In doing this we consider the 
name JONES less (in alphabetical order) than the name SMITH. As we mentioned earlier, 
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do any arithmetic on such data. An alphanumeric yalue may include any symbol from 
computer’s alphabet. These symbols or characters in computer’s alphabet can be classified 
into 3 groups. 

digits (0, to 9) 

letters (A to Z and a to z) 

special characters (+ — */ , etc.) 


When a value is made up of only letters, it is called of alphabetic type. Names of 
people are not always alphabetic as we have names like O'HARA. The alphanumeric data 
is commonly written within quotes (single or double). Some examples are : 


“COMPUTER SCIENCE’ 
‘AVERAGE TEMP. Is’ 
‘INDIRA GANDHI 


A computer’s alphabet has only one type of quote (not the opening and closing quotes as 
you see in printed texts). Also, note that a blank or space is also a character, although it 
does not appear in print. When a data value itself contains a quote, this is indicated by 
duplicating it. For example : 
‘O” HARA’ 
“1 O” CLOCK’ 
An alphanumeric data is defined to be ofa specific length, depending on number of 


characters permitted in its value. For example,. person name can be defined as of length 25. 
Then, names longer than 25 characters will not be accepted. 


The operations on such data are of limited kinds. They can be copied, compared 
joined end-to-end (usually called concatenation), or searched to see if they contain pirates’ 
We will explain some of these operations later. 


LOGICAL OR BOOLEAN DATA 


The result of a condition is either true or false. A data element which can take only 
one of the two possible values True and False is said to be of logical or Boolean type after the 
famous mathematician Boole who first defined an algebra of such quantities. 


A condition in its simples form consists of a comparison of two quantities. For 
example : i : 
Salary greater than 300 
compares value of Salary with value 300, producing either true or false as its answer, 


We will shortly consider possible operations on logical data types. They are called 
logical operators. 
4.2.2. OPERATIONS ON ELEMENTARY TYPES 


The concept of operation should be familiar to everybody. It is always associated 
with One, two or more operands. An operand is a value participating in the operation Every 
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a computer also has an alphabet, whose symbols have a fixed order. This ordering enables 
a computer to compare alphanumeric quantities. Further mention of this ordering will be 
made in Section 3.3. 


LOGICAL OPERATIONS 


The three basic logical operations are AND, OR and NOT, used more or less in same 
sense as we use these words in English. Both AND and OR are binary operators, requiring 
operands to be of logical type and producing result of logical type. If both operands of AND 
are true then the result is true, otherwise it is false. If any one (including both) of the 
operands of OR is true, its results is true. Consider the following examples : 


(25> 10) AND (85> 25) 


produces the result true as both brackets specify comparisons that yield true results. 
(25 < 10) AND (85 > 25) is false 
(25<10) OR (85> 25) is true. 


The operation NOT is an unary operation that produces a result complementary of its 
operand value. Tf operand is true, result is false, and vice-versa. Thus 


NOT (25 > 10) is false 
NOT (‘JONES’ > ‘SMITH’) is true. 


It should be noted that we form more complex conditions by use of the logic 


ay $ al opera- 
tions (the simple conditions are formed by using relational operations). 


4.3. INTERNAL REPRESENTATION OF DATA 


When writing programs in higher level languages, the numbers and strings may appear 
just like we wrote them in the previous section. Same is true for data that we enter through 


devices like terminals and cards. Internally, however, the data is not stored like this Within 
the memory of a computer, the data are represented i i i l 

c > in quite different ways. We wi i 
here the important representations. 4 TO 


The knowledge of these representations i p. i 
1 , entations is helpful in the 
understanding of some operations and also in makin an effectiv oice where V 
i : 1 ing ective choice wh alternatives 


MORE ON MEMORIES 


From Lesson I, we already know that computer’s memory is divided into locati 
fixed size. A location, accessible by its address, is the unit of storage and recall a of 
Contrary to Lesson 1, data in a location is not in terms of decimal digits, but j ae o; data. 
A binary digit is either 0 or 1. The term bit is used as an abbreviation of ee, me y digits. 
size of a location is, then, specified as number of bits it can hold. THe yey igit. : The 
have become almost a standard, and the term byte is used for them Th kee cof Preg 
of 8 bits, and is accessible by an address. - Thus, a byte is made up 


One or more bytes may be used for holding a dat: 
refer to a higher level unit of memory, On IBM, Wang fn Be ae term word is used to 
consists of 4 bytes. er machines, a word 


ae 
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The size of a computer’s memory is specified in units of 210 (—1024) bytes, called 
K-bytes (K for kilo). For example, a particular Wang computer may have 512 K memory. 
As memories are becoming very large now-a-days, the unit of 229, j.e., M-bytes (M for million) 
is also used. i 


INTEGERS : BINARY REPRESENTATION 


The decimal number system used by us is a positional system. A number 937 is 
interpreted as 


9x 102+3 x 10147x 100 
and we say that 7 is in units position, 3 in tens position, and 9 in hundreds position. 


The binary number system, where a number consists of a sequence of 1’s and 0’s is 
also a positional system, except that, now, powers of 2 are taken rather than 10. Thus, the 
binary number 


1010011 


is to be interpreted as 
1x 26-40 x 254-1 x 2440 x 2840 x 2241 x 2141 x 20 
=64+0+16+4+0+0+2-+ 1=83 (in decimal). 


The binary number system is most commonly used in computers asit is compact, and 


operations on it are efficient. A fixed number of bits are used for storing integers, thus also 
fixing the range of representable integers. On IBM 360 (also, Wang), we have two alter- 


natives : 


(i) halfword representation (2 bytes), where an integer is represented in 16 bits. The 
leftmost bit is used to indicate sign, positive or negative, and the rest of 15 bits for magnitude. 
The largest representable number then is (215—1), 


(ii) fullword (4 byte) representation, again as above, only the range is now larger, 
These representations are also called fixed-point binary representations, since, here 
place of binary point is fixed at right of the number. 


If the result of an operation on integer quantities is very large and beyond the range 
permitted by the representation, an error situation called ‘overflow’ is said to have occurred. 


REALS : BINARY REPRESENTATION 


The numbers having fractional part are represented using what is called the floating- 
point binary representation. A number in this representation has two parts called mantissa 
and exponent, cach itself a binary integer number. Let us consider an example to illustrate it 


Assume the mantissa to be 
1101111 
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i i here the fractional part starts) at 
is assumed to have the binary point (from Ww. P 
ae Gaeta Let the exponent be 101, which is equivalent of 5. The positive exponent 
causes the point shift rightwards by five places, giving us the humber 


11011-11 


which we interpret as 


1x244+1x23+0x22+1x2+1+1x2711x2-72 
which is 16-+8+0+2+140'54-0:25 
or 27:75 


Thus, the place of actual point is decided by the exponent. 
ere of fixed lengths, thus, fixing the range as.well as the precision of representable numbers 
(the precision is limited by the length of mantissa and the range by length of exponent). This 
limited precision is responsible for inexact results in real operations, because results of calcula- 
tions have to be truncated or rounded-off to fit into the limited precision. 


Both the mantissa and exponent 


More than one representation for real numbers may also be available. They usually 
differ in the length of mantissa. For example, we may have short or Single precision (does 
not mean precision of one digit) representation and long or double precision representation, 


The latter will provide twice the precision of the first. The overflow error can also occur 
during operations on real quantities. 


ALPHANUMERIC DATA REPRESENTATION 


One byte is used to store one character. With 8 bits in one byte, we can have 256 
different combinations, and can thus represent 256 different symbols. A ch: 
ted by a specific 8-bit binary sequence. Alternately, we sa 


8-bit codes. The following two codes have been exten 
ASCII 


aracter is represen- 
y that characters are represented by 
sive used on computers ; 


: American Standard Code for Information Interchange, 
EBCDIC ; Extended Binary Coded Decimal Interchange Code. 


A few example codes are given below (See Appendix) 


Symbol ASCII Code EBCDIC Code 
A 01000001 11000001 
B 01000010 11000010 
8 00111000 11111000 
T 00101011 01001110 
( 00101000 01001101 


The codes for internal representation o 
of the characters. From the above examples, 
code of B, which is in term less than that of 8. The five characters 
following order ; 


f characters also define the orderin 

i g Sequence 
in EBCDIC, we see that code of A is less than 
given aboye have the 
(<P aWepay 
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Thus, the entire alphabet characters of a computer can be arranged in the increasing 
order of their internal codes. This ordered sequence is called the collating sequence. It is now 
possible to compare alphanumeric values just as we can compare the numbers. 


The logical data type can be represented by I bit where the bit being 1 is interpre- 
ted as ‘true’ and 0 as ‘false’. Since, BASIC does not explicitely permit logical data types, we 
will not go into details of their representation. 


44 VARIABLES, EXPRESSIONS AND ASSIGNMENT 


The data values must be stored in memory locations before they can be operated upon. 
At the hardware level, we use the concept of address of a location, using which values within 
locations can be referenced. The equivalent concept in the higher level languages is the 
variable. It is basically a name or identifier of a location. Using the variable name, we can 
call its value within an operation, or store result into its associated location. Thus, a variable 


name is associated with a value. 


Why use such a concept? There are many advantages in this. Firstly, meaningful 
names that identify the nature of their values can make writing and understanding of programs 
much easier compared to addresses which are merely numbers. This aspect was brought out in 
Section 1.6 in Lesson 1. Secondly, the concept enables us to write general programs such as 
our payroll procedure in Section 1.2. Tothat procedure, we supply as input the values of 
HandR. The procedure itself is not changed for different employees. 


A variable also has a type, which is same as the tyre of data it will hold. Thus, we will 
have integer, real and string variables. The type of a variable can be defined at the beginning 
of our program (or the way its name is formed may itself suggest its type). Once the type is 
defined, it will be restricted to have values of only that type. Giving a value of a different 
type may result in automatic conversion or in error. 


The process of giving a value to a variable is called assignment. It is stated ina very 


simple way. Assume that value 327 is to be given to a variable named WEIGHT. For this 


we may write 


LET WEIGHT=327 


or, COMPUTE WEIGHT=327 


Such statements in a program are called assignment statements. 


The data value 327 appearing in above statements is called a constant. The constants 
hout associating any name with them. One can now see reason behind 


thus, can be written wit 
Jue can vary or change during the program. 


the term ‘variable’ : its va 


In the previous section, we considered many operations. Such operations can be per. 
formed through the assignment statements. For example, in 7 


LET A=B+C 
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the add operation is performed on values of B and c and the result is stored as value of 

jable A. The right hand side of the = symbol (which stands for {assignment operation) is 
Yi an expression. An expression contains operations and operands. The pperand: may 
be variables or constants. More than one operation can be specified in an expression : 


LET A=B+C*D—34'5 


When we do this, we require the operations to be carried out in a particular sequeuce. sor 
this purpose, we define priorities of overations. The standard rules are : 


(i) evaluation starts for left end 
(ii) first evaluate * and / 
(iii) then evaluate + and — 


By these rules, the earlier statement will proceed as follows : 


(i) multiply C and D 
(ii) add B and result of step (i) 
(iii) subtract 345 from result of step (ii) 
(iv) store the result of step (iii) as value of A. 


Expressions, obviously, simplify programming, since, ina single statement, we can 
perform many operations. 


45 CONTROL STRUCTURES 


An algorithm indicates not only the operations 
operations are to be performed. The mechanisms b 
of the operations are called control structures. 


» but also the sequence in which the 
y which it indicates the flow of execution 


The simplest control structure is Sequential execution. Here, after executing one 
command, the next command is to be executed. Consider the Sequence of following two 
commands : 


(i) Read HOURS and RATE 
(ii) Compute SALARY=HOURS * RATE 


The execution of second command follows that of first. Alternatively, after executing 
the first, we always go to the second command. Thus, the seq 


uential control structure allows 
us to string together commands for sequential execution. 


Some operations, however, are required to be executed under certain conditions only 
The conditional execution is therefore another control s i 


7 ona i tructure and important for making 
decisions within a program. Consider, as example, the following : 


(iii) If SALARY > 300 then 
compute FUND=SALARY * 0:05 


—r 


D ai 


* 
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Here, the computation of fund is carried out only if the condition SALARY > 300 is 
true. If not, we go sequentially to next step. 

In a repetitive job, we describe the actions once and follow the actions repeatedly. One 
way to ask a computer to do this is to let it go to the place from where the actions are to be 
repeated. Of course, we have to mark, in some way, the place in algorithm where it should 
go next. Consider a command such as 

go to step (i) 
Here, we are forcing the execution to go unconditionally to the place marked as (i). Uncondi- 
tional transfer of flow of execution is the third control structure. 

These three control structure are enough to write any algorithm. There are, however, 
many more available in modern programming languages, which are basically provided to 
simplify programming in some situations. We will, however, defer their discussion. 


46 ALGORITHM REPRESENTATION 


We need a way of stating the algorithm being formulated by us to solve a problem. 
The description of an algorithm should be precise, easy to understand and follow, and should 
be easy to convert it later to a computer program. There are several ways to represent or 
describe an algorithm. We illustrate two of them using the following problem : 


t The start or stop symbo! 


: The rectangular box for 
showing computations 


: ne rhombus for 
decision making 


and : The boxes for 
Input and Qutput 


For showing continuation of 
flowchart on another page. n is 

en integer number. The continuation 
aiso begins with this symbol. 


o : For flow of execution 
Fig. 4.1. The Flowchart Symbols 
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Find the largest value from the given three values. Before you proceed further, think 
about a way to solve this problem yourself. 


FLOWCHARTS 


A flowchart is pictorial representation of an algorithm, where actions are shcwn by 
boxes of various shapes, and flow of execution is indicated by arrows. They are precise and 
easy-to-understand (but primitive in control structuring facilities and requiring more effort 


in their translation to programs). Fig. 4.1 shows the symbols used in constructing flowcharts. 
and Fig. 4.2 gives the flowchart for our running example. i 


Note from the flowchart in Fig. 4.2 that two arro 
Each one is marked with a label (yes or no ; we could ha 


and X) that indicates a possible outcome of the conditi i 
ion being tested in th isi 
e decision box, 


ws come out of the decision box. 
ve instead used true or false, or 4/ 
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The computer will follow one of these outcoming paths during the execution of the program 
You may also note that arrow-heads are missing ; usually, the flowcharts are drawn from top 
to bottom of a page, and when not shown explicitely, it is assumed that control flows down- 
wards. 


The flowcharts, in early days, were universally acce; ibi 

j £ pted for describing programs, so 
much so that they were standardized by American National Standards Institute (ANSI) 
However, now-a-days, use of flowcharts is discouraged as they lead to some undesirable 
programming. 


STEPWISE DESCRIPTION 


In this method, we retain expressiveness of natural languages, but remove ambiguiti 
by using symbolic names for data and fixed and well defined phrases. The actions ee ae 
fied as steps, and each step is given a number, as in our payroll example of Lesson Í ee 
notations can be used for indicating control structures. There are no standards defined fi thi 
method, and hence, we will define our own notations. ae 


The sequential control flow is shown naturally by consecutive step numbers. A decision- 
making step is written by using the If-then-else phrase as follows : 


If condition then action-1 else action-2 


When more than one action is to be performed as the result ofa iti 
JRA condition, 
actions within square brackets as follows : SORA SIENCE BES 


If condition then [action-I,......] else [action-i,......] 


The else part may bé absent, when not required. Another phrase is defined to divert the 
flow of control to any step in the algorithm. It is specified as 


go to step (i) 


where 1 is a step number. Additionally, we also have ‘stop’ as an i i 
p action 
Y ctl to terminate 


Every algorithm in this method is given a name. It is then followed by a bri 
ment of the problem and description of data to be manipulated. Bie Ret state 


Before we give the algorithm for the running example, we note that the stepwise 
description method is quite close to programming languages. Moreover, new control structure 
conventions can be easily added to this method to make it very powerful. 


Algorithm LARGEST : to find the largest of 3 given quantities named as A, B, C and 


to put the result in a variable called MAX. 


(i) Input A, B, C 
(ii) Let MAX=A 
(iit) If MAX < B then Let MAX=B 
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(iv) If MAX < C then Let MAX=C 
(y) Print MAX 


end of LARGEST. 


Note that the if phrases in the LARGEST algorithm do not have the else part. 
As an exercise, you could draw a flowchart which exactly represents the algorithm 


LARGEST. Also, try writing the flowchart of Fig. 3.2 in stepwise form (there is more than 
one way to do this). 


We may remark here that giving a step number to each 
may use a step number only when we divert execution to that 
However, we will continue in this fashion only. 


step is really not necessary. We 
step using the ‘go to’ command. 


4.7. LOOPING (i.e., REPEATED EXECUTION) 


Very often, the algorithm requires certain st 
example, the payroll problem required that the ste 
repeated 2000 times as there were 2000 employees (in 
repeat itself endlessly, which is never done). We achi 
up what are called Joops. 


As we never want the algorithm to repeat itself endlessly, we must also indicate when 


and how the repetitions will end. Considering the payroll example again : if we knew that the 
2000th :mployee has been processed, we should not Tepeat any further: This Suggests that 
we keep count of how many employees have been Processed within the algorithm itself and 
let the algorithm decide whether t Loops based on countin gare called 


‘counted loops’, ting. We initialize the variable toa 
suitable value, and add 1 


variable has reached the final value. 
follows : 


Algorithm PAYROLL : calculate 


pay for 2000 employees. The variable I is used to 
count repetitions. 


(i) Let I=0 
(ii) Compute pay of an employee using ste 
(iii) Let I=1+-1 
(iv) If I < 2000 then go to step (ii) else stop. 
end of PAYROLL. 


Ps given in Lesson 1. 


Note that variable I after ste 


p (iii) always gives number of em 
till then. Step (iv) causes repetitio 


ployees alread 
n only until the 2000th employee. seomnleted 


We emphasize once m that the st D fi y : 
os p ore that the steps (i), (iii) and (iv) are typical of eotea 
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Another useful method of controlling loops is by special value of input data. In the 
payroll problem, we give as input the name, hours, and rate for each employee. At the end 
of such data for all employees, we add fictitious data of one more employee with 


hours : 0 
tate 30 


Within the algorithm, we check if such data has been encountered. If yes, we end 
the loop, else we repeat. Such fictitious data,as we constantly look for them Bate the 
algorithm, can be termed sentinel. The payroll algorithm using this method is given below. 


Algorithm PAYROLL-2 : calculate pay, given name, hours and rate. Sentinel data 
are hours and rate as zeros : 


(i) Input name, hours, rate 

(ii) If hours=0 and rate=0 then go to step (v) 
(iii) Compute pay as before 

(iv) go to step (i) 

(v) Stop 


end of PAYROLL-2 


An advantage of sentinel-controlled loops is that the algorithm can process any numbe 
of employees, but the disadvantage is that we must be very certain that the sentinel dat fi 
not also valid data. ata is 


Other methods are also possible for controlling loops. In all methods, however 
will always find a condition that decides whether we repeat or not. ge 


As loops are required so frequently, special control structu i 
is f; s res are avail i r 
ming languages to set up loops. epep program 


An important observation to be made finally is that n A 
a loop, but a loop may itself contain another eae This is tes eed oe eee 
an example where we may require this. Assume that for each student, we are clean. 
in 6 subjects. To total up these marks, we can set up a loop We may have 500 such st way 
Now, tke totalling loop itself has to be repeated 500 times. Clearly, we have hi udents, 
inside a loop. We will see more examples on this later. ere a loop 


Let us consolidate the loop concept by one more example. We wish to find the 1 
of, not 3, but 100 numbers. It should soon be obvious that we cannot proceed as ‘argest 
previous“ section—we will have to think up 100 variable names and write as many st in the 
much simpler way is through using loops. We usea variable called MAX and oe A 
with next number in the input. The numbers are inputted in the same variable Bik it 


ble and also avoiding 100 names. The algorithm is as under. 


repetitions possi ng 
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Algorithm LARGEST : to find largest of 100. numbers in a variable called MAX. 
(i) Let I=1 
Gi) Input A 
(iii) Let MAX=A 
(iv) Input A 
0) If MAX < A then Let MAX=A 
(vi) Let I=I+1 
(vii) If I < 100 then go to step (iv) 
(vii) Print MAX 


end of LARGEST. 


You must understand this example thoroughly. 


It will be worthwhile to execute this 
algorithm yourself and trace the actions it performs to pr 


‘oduce the result, 


48. ARRAYS 
In the LARGEST algorithm of previous section, we read.al] input data in Variable A. 
When a new value is readin A, the old value is lost. i 


obviously an inefficient solution, this may not be possi 
Another solution would be not to read 
problems. 


Before going further, let us take an example where we need to loo} 
once. We are given marks for 100 students. We wish to compute average of marks and 
number of students getting more than average marks. To find average, we need to add up 


the marks ; this requires one look at all data. In the second look, we compare given marks 
with the average, 


K.at data more than 


If the data is not to be lost, they must be read in different variables. We may cook up 
100 different names in a simple way as MARKSI, MARKSa, ...... MARKSI00, 


Each of these names must appear in 
second scan, each name must appear in ‘If’ 
algorithm becomes unnecessarily complex, 
why not ?), 


input command and also in add 
command while comparing it 
and we cannot construct loops 


command. In the 
with average, The 
(convince yourself 


A neat solution to the problem is to difine a Single name fo; 
This name now refers to 100 values, in some order, An indi 


indicating its position in the collection. For example, the follow; be referred by 


MARKS (1), MARKS (25), MARKS (79) 
refer to Ist, 25th and 79th values in the collection Tespectively. Also 
l 5 


refers to I-th value. I itself is a variabl 
names which refer to collection of values are called array names, 
parentheses to select a particular value is called a subscript. For the arra 

subscript is required to refer to any element ; hence, it is called one-di y » one 


A 
arrays are also called vecters, and can be pictured as a column Or row Gries eae vic 


The quantity written within 
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How does the array concept help in our problem ? Since the subscript can be a variable, 
the same name, such as MARKS (I) can be made to refer to different values by manipulating 
the subscript variable I. This means that we can now construct loops. Study the following 
algorithm carefully for finding average marks. 


Algorithm AVERAGE : note the loop between steps (iii) and (vi). 


(i) LET SUM=O 

(ii) LETI=1 

(iii) INPUT MARKS (1) 

(iv) LET SUM=SUM-+ MARKS (1) 
(v) LET I=I+1 

(vi) If I < 101 then go to step (iii) 

(vii) LET AVE=SUM/100 

end of AVERAGE. 


Most algorithms using arrays will contain such loops, because they facilitate repetitions, 
where, in each repitition, a new value from array is used. The values in arrays usually under- 
go same processing . all are read, added, compared etc., and hence their scanning by such 
loops is most natural. 


Each value in an array is called its element. The specified number of elements an 
array can have is called its size. In every algorithm, the sizes of arrays should be mentioned. 
An array can contain less but not more than its size. 


Arrays of dimensions higher than one are also frequency useful, especially the 2-dimen- 
sional arrays. Suppose that.we record daily temperature for a week. We get a I-dim array 
of size 7. Suppose we do this for 10 weeks. We have now 10 one-dim arrays, each of 
size 7. Instead of giving them 10 different names, we can again give a single name say T, to 
the whole collection. We will now need two subscripts, the first to give which week and 
second to give which day in that week. Thus, T (7, 5) will refer to temperature on 5-th day 
of 7-th week. The array T, requiring 2 subscripts, is a 2-dim array, and we can picture it as 
containing 10 rows and 7 columns of values : 


Ti,1) Ta T15'7 
T2, 1 Ta, 2,.--, Ta, 7 


Tio,1 Tuo, 2,---, Tio, 7 


The two-dim arrays are also called matrices, and there is a branch of mathematics 
defining algebra of matrices. 


It should be easy to extend the concept to arrays of higher dimension (e.g., to the 
temperature example, we may add the third dimension of 4 various cities where temperatures 
are recorded, the 4-th dimension of various yearsin which records were prepare d, etc) 
The important points to remember are : j 


(i) the number of subscripts required is same as number of dimensions, 
(ii) for each dimension, there is a size specification, and 


64 | MICROCOMPUTERS : PROGRAMMING AND UTILIZATION 


iii) first subscript corresponds to Ist dimension, 2nd to 2nd dimension etc. Also, a 
p subscript value must be an inter between land the size of the corresponding 
dimension. 


49. EXAMPLE 


At the end of this lesson, we will consider an example to further illustrate the develop- 
t of algorithms. To derive maximum benefits you are urged to read the problem and 
PENE sour own algorithm, and compare your approach from, with solution given here. 


A SERIES PROBLEM 


In this example, for a given real value X, we want to calculate Y such that 
X x8 X5 x? nf 
Silane 5r gp be 


The notation in the denominator is cailed factorial, The factorial of a number n is 
pig 1* 24 3%. * 


Thus, 3! is equal to 6. The readers who have studied mat 
series above to be calculating the trigonometrical function sine of 
as an infinite series. In solving such problems on a computer, we compute Y upto a certain 
accuracy only. We calculate the terms in series and sum the 


m, and this is continued until 
the two successive computations of Y differ by a very small amount, say 0:00001, at which 
time we stop. 


hematics would know the Y 
quantity X. Y is expressed 


We have selected this problem since it poses a challen, 


ging task to beginners in develop- 
ing an algorithm for it. 


Each term in the series has a numerator and denominator 
alternate between + and —. In general, the form of a term is 


xX" 
Cp et) n! 


part, and signs of the terms 


Given X and n, we can easily calculate X” 
If we get the sign also, the algorithm is then ni 
terms by letting n be 1, 3, 5 


and » ! separately. The sign Poses a problem. 
ot difficult to develop: we obtain different 
aks and add up the terms. 

This approach, however, 


is neither elegant nor efficient. We consider another approach. 
A careful look at various terms r 


eveals that we can easily obtain a new term of the 
series from the old term, 


Consider the two consecutive terms 


x3 x5 
gil and + =r 


If we multiply the numerator of old (i.e., 
term, and the sign is also correct, 
2 multiplications : 


=X") by — x2, 


we get numerator of the new 
The denominator of the 


new term is obtained by just 
(31) *%4*5 


— 2s CR 
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The above analysis is true for any two consecutive terms. We : 
algorithm should proceed. Let N and D be variables for numerator ns E A 
respectively. They can be initialized to suit the first term as follows : 

N=X 

D=1 
and set Y=N/D. Let P be a variable such that D is the factorial of value of P. Then, P=1 
initially. The next term T of the series can be calculated as follows : : 


N=N*(—X?) 
D=D* (P+1)* (P+2) 
P=P+2 and T=N/D 
The full algorithm is given below, and should be easy to understand with the above 
explanations. 


Algorithm SINE: to computer Y for a given X within accuracy of 0'00001. The 
meaning of variables is as explained earlier. Fixing their types is left as an exercise for you 


(i) Input X 
(ii) Let N=X, D=1, P=1 and Y=N/D 
Gii) Let N=X* (—X?) 
D=D*(P+ 1)* (P+2), 
P=P-+-2, and 
T=N/D 
(iv) If abs (T) < 0'00001 then go to step (vii) 
0) Y=Y+T 
(vi) go to step (iii) 
(vii) Print Y 


Note : The notation abs.(T) refers to only magnitude of T and not its sign. 
end of SINE. 
EXERCISES 


1. The following table gives EBCDIC codes of some characters. 
WwW 11100110 


P 11010111 
blank 01000000 
: 01001011 

5 11110101 

: 01101011 
= 01100000 
K 11010010 


Give the decimal equivalent of the above binary codes. Arrange the above symbols in 
the order of their collating sequence. 
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2. Explain the concept of control structures. Identify the control structures used in the 
following segment of an algorithm : 


(i) Let KX=Y+Z 

(ii) If X > 2*Y then Let Y=Y/Z 
(iii) Let X=X—Y/8 
(iv) go to step (ii). 


3. What is the precision (in digits) of a computer if it prints the answer for 10 divided by 
3 as 3°3333, 


4. How does an array differ from a collection of variables. How and under what situations 
does the facility of arrays simplify writing of algorithms. 


5. Identify the arrays, their element types, their dimensions and sizes in the following 
problems : 


(i) A salesman must be able to tell in which warehouse (identified by the city where it 
is located), out of the company’s 20 warehouses, a specific product (e.g., television), 
out of 50 products manufactured by the company, is located, and in what quantity 
it is available at that warehouse. 


(ii) A student must be informed about what 10 courses are prescribed for study for a 
particular specialization out of 5 specializations available to him. 


6. Modify the LARGEST algorithm to find largest of N values where N itself is an input 
to the algorithm. 


7. Write steps to exchange values of two variables A and B. 


8. Evaluate the following series through an algorithm using its first 20 terms 


2 4 6 
lelg tz y kes 


a QENE r E eee ainra OA 


Ə 


INTRODUCTION TO BASIC 


5.1. INTRODUCTION 


From this lesson, we start the study and use of one of -the simplest and popular pro- 
gramming language called BASIC. Its name connotes the basic simplicity of the language, 
but, actually, itis an abbreviation for Beginner’s All-purpose Symbolic Instruction Code. 
It was initially developed at Dartmouth College around mid-60’s. lts own simplicity and 
increasing use of time-sharing interactive computers soon made BASIC quite popular. 
Further, the language was found quite attractive for small, micro-processor-based computers, 


Almost every manufacturer supplies BASIC language with his computer system. As 
its use spread, it was used for many diverse problems. The language has also grown to match 
its growing applications. The grcwth may not have been very systematic, but BASIC has 
retained its appeal as a language for beginners. The phenomenal growth in computer industry 
has led to a disadvantage of little or no standardization. The BASIC language differs in 
minor respects from computer to computer. The disadvantage of non-standardization is that 
programs written for one machine cannot be run on another without modification. At times, 
some facilities of BASIC may be absent. Fortunately, the differences are minor and can be 
easily learned. If you have an access to BASIC on any computer, you should Tefer to its 
manual to find out any variations from the BASIC as presented in these lessons, Whenever 
possible, we ourselves will indicate points where differences may be present. 


One advantage of BASIC is its interactive capability. One can sit at a computer 
terminal, develop and execute programs, in stages, test and modify programs and store them 
for future use. It also allows a computer to be used as desk calculator. The consequence 
of all this is reduction in program development time. A large computer offers interactive 
facility to many users simultaneously on time-shared basis. BASIC on very small systems is 
also interactive, but may be serving only one user. (An interactive language like BASIC is 
usually interpreted by a computer and programs are not translated or compiled into machine 
language. The software which enables a computer hardware to understand BASIC is therefore 
called BASIC interpreter and not BASIC compiler). 


A programming language, like any other language, has an alphabet, a vocabulary, and 
rules of grammar. The grammar rules (also called syntax rules) are used to construct 


(67) 
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commands or statements to be given to the computer. The programming languages are 
artificial languages with very rigid rules of grammar. A seemingly trivial error is also not 
tolerated. Fortunately, the language translator itself can point out errors in the constructed 
commands. But certain errors may go unnoticed and result in wrong outputs. The responsi- 
bility of writing.correct programs within the rules of the language is our own, and we must 
exercise caution in this respect. Every command formulated by us as part of a program will 
have a unique interpretation, and learning a programming language basically consists of 
learning the rules of syntax and interpretation (also called semantics) of commands, 


In this lesson, we will get acquainted with introductory elements of BASIC. Before 
that, however, we will describe the typical environment of a BASIC system. 


5.2. A BASIC SYSTEM 


One may be accessing BASIC on a large time-sharing computer or ona small system 
such as APPLE II. In either case, our access is through a terminal consisting of a keyboard 
anda CRT screen, The terminal will be used for keying in programs, entering data and 
displaying results. It willbe obviously connected to the computer as a device. Besides 
the terminal, we may use other devices of the computer. A large system will have 
magnetic tapes and disk derives on which files can be stored. Such files may contain data 
as well as programs. We may also use printers for obtaining a hard copy of the programs 
and/or results. We have already studied important features of these devices in Lesson 1. 


On a small system, we may have a few floppy drives, cassette tape recorders, and a 
printer. These devices basically will be used for the same purposes as above. 


The terminal will be the most important device for BASIC programming. The key- 
board, as we already know, will have keys for digits, letters and the various special symbols 
(+; —, etc.). There will be a space bar at bottom which acts as the key for blank symbol. 
Some keys on the keyboard will have two symbols written on them. Depressing such keys 
will enter the lower symbol onto the screen. To enter the upper one, we have to press the 
SHIFT key simultaneously with that key. The shift key also enabl 


e es entering lower case 
letters on some terminals (a BASIC system may make distinction between lower and upper 


case letters). Like typewriters, the keyboard also has TAB key for setting up markers and 
for positioning of the cursor., 


A keyboard will have a few special purpose keys. You will use some of them quite 
often. We will list them below (your keyboard may use different names for some of these ; 
find out which keys on your keyboard do similar functions) : 


RETURN Key : is used to indicate end of a line of program or data, The 
line typed in by us will be taken in by the computer 
when this key is pressed. 


+ Key: : is used for moving the cursor to right. 


«Key: : for backspacing of cursor (i.e., moving to left). 
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REPEAT Key : pressing this key simultaneously with another will 
repeatedly enter symbol of the latter key 


ESCAPE Key (ESC) : is used generally in editing a previously typed line, and 
: indicating end of editing. 


CONTROL Key (CTRL) : is generally used for controlling the ongoing work of 
the computer. It generally puts us in communication 
with the operating system. It is usually followed by 
depressing a few more keys that indicate what we want 
the system to do next for us. 


There may be a few more keys on your terminal. Try to familiarize yourself with their 
functions by consulting system manuals. 


We will also have the ubiquitous operating system (OS) looking after the computer 
hardware. We have to become aware of its existence in the following respects. 


(i) A large computer will require us to identify ourselves as registered users of the 
computer. Our session with the computer will begin with-what is called LOG-IN. Here, we 
supply to OS our registration number and password. The logging-in procedure details vary 
widely with computers. On small computers, it may even be absent. 


(ii) When we begin our session with a computer, we will be placed in communication 
with its OS. We will have to activate the BASIC software for using the BASIC language. 
This is done by a suitable command to OS such as 


RUN BASIC (followed by RETURN Key) 


or simply by pressing the three keys CONTROL, B and RETURN in that order. The actual 
method will depend on the individual OS. 


(iii) The devices, data files and program files will bear unique names. Access to them 
will be by OS conventions. As an example, we may have .a pre-written program ona 
cassette. After placing the cassette into its device. we may ask OS to enter the program on 
cassette into computer by the command. 


LOAD (followed by RETURN Key) 
and then start execution of the loaded program by the command 


RUN (plus RETURN key ; since every line ends with RETURN key, we will not make 
its explicit mention any further). 


As OS may name its floppy drives (Gen themames may be A,B,C and D) and we may have 
to identify a file on a particular floppy (in, say, drive C) by appending the drive name with file 
name. Again, the specific convention depends on your OS. In the beginning, you may 
skip such details, but knowledge of os conventions will be necessary afterwards when you 
have learned BASIC and want to put it to active use. 
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the response will be 
157 


If we wanted to find out how much interest we will earn on an investment $2400 at the rate 
of 13°5% per annum for 8 months, we could give the command 


PRINT 13°5 * 2400 * 8/(12 * 100) 


and immediately get the answer as 


216 
We could have used more than one command as follow : 
LET R=13'5 


The command is executed, but there will be no response on the terminal, since this command 
does not cause any printing. The command will be lost, but its effect of setting variable R to 
value 13°5 will remain. Next, 


PRINT R * 2400 * 8/(12 * 100) 
will again produce 
216 


from the system. One can easily see that in this mode, the BASIC system does behave like 
a calculator. 

In the program mode, every line starts with a line number. The system will keep 
accepting our statements. Suppose we type the following lines (each ending with RETURN) 

100 LET R=13'5 

150 LET D=8'0/12'0 

200 LET P=R * 2400 * D/100 

210 PRINT P 

220 END 


The numbers on left are the line numbers. All these lines will be remembered, but are not 
yet executed. We can execute them by giving the following command 
RUN 


The above statements will now be executed, unless we made any mistakes in typing them (in 
which case, BASIC will give error messages), and the result of the PRINT statement will 


appear : 
216 


and the system will be ready for further work. It still will have the above 5 statements with 
it. Wecan modify one or more one of those lines, add more lines, or make any other 


changes. For example, if you type : 
100 LET R=15'0 
RUN 
the response now will be the result (for 15% interest rate) 


240 
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We will now assume that you have learned to activate BASIC and turn to studying 
BASIC itself. It will be ideal if you have BASIC accessible to you while studying the material 
in these lessons. If not, the study should be followed by a visit to a computer, whenever 
possible. One can, of course, learn BASIC without any computer interaction, 


Once BASIC is activated, it willin some way indicate its readiness to accept your 
commands. This indication may be simply a symbol < or] at the start of a line, ora response 


such as ‘OK’, ‘ready’ from the computer. We can now type BASIC commands and put 
the ccmputer to some active use. 


5.3. MODES OF OPERATION AND INTRODUCTORY EXAMPLES 


A BASIC system can operate in one of the following two nodes : 


(i) The command or immediate execution mode. In this made it accepts one 
command at a time and immediately executes the keyed-in command. We may also call this 
as the calculator mode. After executing the current command, the command is lost (its effect 
may however be present with the system), and the system readies itself for next command 
This mode is useful for simple calculations or for one-time operations like changing file 
names, deleting files, etc. Here, we do not first have to develop programs and then execute 
them. 


(ii) The program mode. Here, the BASIC system will accept program statements one 
after another, without executing them. A Separate command is then required to cause execu- 


tion of the entered statements. The statements will be remembered by the system even after 
their execution. 


A very simple mechanism is used to distinguish between these ‘two modes. A 
command in the first mode or a statement in the second mode is entered as one line at the 
terminal. The only difference between a command and a statement is that the statements 


are preceded by line numbers. Thus, most of the BASIC statements can also be executed as 
commands, 


Let us consider some examples to illustrate these modes, 


as well as giv 
acquaintance with BASIC. give us our first 


If you type the following command on your terminal (remember to end Wi 
yi n 
) it with 


PRINT ‘HI THERE’ 
the system will respond by printing on the terminal 


HI THERE 


atid be again ready for next command, The PRINT is a word 
BASIC, and the PRINT command execution consists of printing wh: 
the command. If the command is 


PRINT 29-+-128 


from the vocabulary of 
atever was asked for in 


£ AN 
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Let us see what has happened. We typed a new statement with line number as 100. Earlier 
also, there was a line with the same line number (i.e. 100 LET R=13'5). The new line 
replaces the old line. The RUN command causes the machine to execute all the statements 


it has, starting with the smallest-numbered statement. Thus, we have made same calculation 
as before except that value of R is-now set to 15-0. 


A series of statements given in the program-mode makes up a program. We can run 
that program, give it a name-and-storeit en a floppy or recall such stored programs back 


from floppy, etc., using special commands provided in BASIC. Henceforth, we will be more 
interested in the program mode of operations. 


5.4. ELEMENTS OF BASIC 


In this section we introduce the preliminary rules of BASIC. You will find them quite 
simple to remember. 


ALPHABET 


The alphabet of BASIC includes letters, digits and special characters, We will as 
that only capital letters are used (which is so on most system). The special characters ae 
the following (and, also, the blank or space symbol) cude 


=, ; (+ —* <a> t /).$%’ (quote) : 


The alphabet of any language defines the set of symbols to be used in constructi 
words, phrases and sentences of that language. In BASIC, as you already know on a 
previous section, programs are made up of statements and a statement of words and s an 
symbols. BASIC has well defined rules for how the words can be formed and whe: : h 

may be used, and also rules for forming statements. ESY 


KEYWORDS 


The vocabulary of BASIC includes certain words which have i 
words we saw in last section are LET and PRINT. These words se EE ie peme 
some computer systems, the keywords are also the reserved words of BASIC ne: On 
they cannot be used for any other purpose. Thus, LET cannot then be name AN that 
We will learn the keywords of BASIC as we study its statements, me of a variable, 


CONSTANTS 


A BASIC statement may contain a constant, whic 
constant (refer to Lesson 3 if you have forgotten these conce 


h may bea number ora string 
BASIC can be written in the usual way. Some examples are 


pts). The numeric constants in 


given below : 
25 — 6421 +0 —00 
IEI 130000 —1E—8 1:234B+ 29 
—123 0 +218°00E—05 


The rules of BASIC in this respect are as follows : 
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(i) a number may be written as an integer or a real number. The latter can be 
written in two ways:a number with a decimal point and a fractional part, and with the 
exponent notation using E that stands for ‘multiplied by ten to the power’ (the letter D 
instead of E is used for double precision reals, if available on the computer). 

(ii) a number may be positive or negative or without a sign (considered positive). 

(iii) the exponent may also have a sign. 
(iv) the decimal point can occur only once inside the number. Note that commas are 
not allowed within a number. 


The magnitude of numbers handled by BASIC depends on your computer. It is usually 
8 digits. The range of real numbers may be as high as 1038 and as low as 10-88, with precision 
of 7 or 8 digits. 


The string or alphanumeric constants are written in the usual way where a sequence 
of characters is enclose within quote marks. Your BASIC will put some restriction on the 
length of the sequence, which may be 15, 80, 256 or some such limit. Any character-letter, 
digit, blank or special symbol, may be used in forming a non-numeric constant, except the 
quote symbol itself. Some examples would be: 


‘INTEREST EARNED IS’ 


OE Ware ‘125’ (this is not same as 125) 
‘ENTER INTEREST RATE, PLEASE’ 


DATA TYPES 


In early days, BASIC had only the numeric data type real, although integer constants 
could appear in statements, and string constants could be used in the PRINT statements 
(some examples of the latter were seen in the last section). Most mcdern implementations 
of BASIC, however, include integer, real and string data types. Thus, in modern BASICs, 
can be define variables and arrays to be of one specific type out of the three listed above. 


VARIABLE NAMES 


BASIC has taken a narrow attitute towards naming of variables. A variables nam 
in BASIC may be a single letter or a letter followed by a single digit. Some example of valid 
variable names in BASIC are : i 


A Al Z Z5 c9 
while the following names are invalid : 
AB 2A A43 PAY SALARY 


Tt would be obvious that such a restricted rule prohibits us from selectin 5 
names for our quantities, and, as a consequence, our programs will not be vA meaningful 
For this reason, and to fall in line with modern programming languages BAST readable, 
computers has been extended to permit longer names. A on some 
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The type of a variable, when multiple types are allowed, is also indicated as part 
of its name. When the names are written as per the above tule, they are considered to be 
of realtype. An integer variable name ends in the symbol % and string variable name in $ 
The following names are examples of integer variables : i 


A% A5% P2% 
and the following for string variables : 
A$ AS$ P2$ 


When the integer type is not explicitly available, real variables can be used in their pl 
since these variables can have whole numbers as their values, Real variables with do a : 
precision may also be distinguished by some symbol (such as !) at the end, i Ar 


ARITHMETIC OPERATORS 


BASIC provides the usual arithmetic operations on numeric quantities, 
and meaning as follows : e 
++ addition 


— subtraction and negation 


with symbols 


* multiplication 
f division 
t or A or ** exponentiation 


The operands on which these operators work may be real or inte er t ; 
important to understand effects of mixing integer and real quantities together: Y Ppeti 
may even have some peculiarities here. So, refer to your BASIC manual But our BASIC 
the rules will be as follows : all operations will always be performed in real mod commonly, 
operands are real, no conversions are required. If any or both are integers, the Coe lf both 
be converted into real representations before Operating on them, The tne BTS will 
satisfactory for our purposes. Note that the rule is also applicable for the divisi we, oe chy ne 
For 24/4, we get 6'25 as the result of division and the result is not truncated eee Operation. 
this stage. The truncation, as we will see later, may take place during pre eee ees 6 at 

When performing arithmetic Operation, an erroneous 
arise if the result of operation is too large to be held in one location of computer’. 
The BASIC software informs as about such errors by a suitable message Efi ie 
our program. We must then analyze the reasons for error and remove them Stops executing 


condition called Overflow may 


S memory. 


EXPRESSIONS 


An expression is composed of operators and operands. 
or a constant. An expression indicates one or more operations 
order. The binary operators are placed between their two ope: 
unary operator is placed before its only one operand (as in 
contains many operators (as in A+B * C/D), the order in which they are 
on the precedence rules of the BASTC language. These mules are as follows : 
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(i) The unary operators are evaluated first, if present. 
(ii) Next, the exponentiation operations are carried out. 
(iii) The precedence of * and / comes next, and lastly. 
(iv) The + (addition) and — (subtraction) operations are performed. 
(v) The evaluation goes from left to right. 
Let us consider some examples : 
A+B*D 
Here, B * D is evaluated and the addition is performed next. 
A/B+-C—D*E 


First A/B and next D* E are performed. C is then added to the result of A/B. Finally. 
the result of D* E performed earlier is subtracted from the result of addition. Š 


A/B/C 


Here, A/B is first evaluated. The result is then divided by C. Note that these rules are not 
different from the usual rules of algebra. Also note one more significant fact: we write the 
expressions in one single line. Thus, the division of A by B is written as A/B and in) Ab 


Es Also A? is written as A ¢ B. 


As in algebra, the precedence rules can be overridden by use of parentheses, The 
parts of expression within parentheses are always evaluated(first. Thus, in 


(A+B) * D 
Firt A+B is done and the result is multiplied by D. Whenever in doubt, use parentheses, 
although sometimes they may be redundent, as in 
A+(B * D). 
Note that a single variable or a constant is also an expression. 
In this section we have considered only the arithmetic expressions formed out of 


numeric operands and arithmetic operators. String operations and string expressions will -be 
introduced shortly. 


ASSIGNMENT : THE LET STATEMENT 
The result of computations in an expression can be stored as a value of some variable 

by using the assignment operation. The LET statement of BASIC allows us to Bt 

general form of LET is as follows : 

<line number> LET <variable>=<expression> 


In the above line, we have used the cornered brackets < > to indicate à 


‘4 nae ; art to 
filled in by us. The meaning, or semantics, or action of LET statement is į be 


(i) to evaluate the expression on the right side of = 
(ii) to store the result obtained as the value of variable on the left of =, 
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If the variable is of real type. then no conversion is required during storing, since the 
result of expression is also of real type. However. if the variable on left is of integer type, 
conversion will be necessary for the result. The real result is converted to integer simply by 
chopping off its fractional part (verify that your BASIC does the same ; there is a chance of 
its conversion rule being different). As examples, consider :_ 


100 LET A =10/4 
120 LET B%=10/4 


The value of A will be 2°5 and that of B% will be 2 as the result of executing the 
above two statements. 


Note : Possible-minor variations : The word LET may be optional, thus allowing us 
to write 


100 A=10/4 
Secondly, more than one variable may be specified for assignment as in 

200 LET A= B=C=P+Q 
Here, the result of expression is stored in each of the variables occurring before=symbols. 
STRING VARIABLES AND ASSIGNMENT 


A name such as N4$ represents a string variable. 
characters. The value can include any of the symbols in computer’s alphabet. Moreover, 
the number of characters in the value of a string variable may 


> à change from time to time. A 
string variable can be assigned a value using the LET statement. Consider the following 
examples : 


Its value will be a string of 


140 LET N4s=‘GOOD BYF’ 
150 LET A$S=‘MR. JOHN’ 
The values of N4$ and A$ will respectivel 


ly be the strings on tight of the=symbols. Their 
current lengths will respectively be 8 and 


9 (there is a space before M in A$). 
There is one operation we can do on strings. it joins 
two strings and makes them into one string. Concatenation is denoted by the + symbol. We 
can form a string expression using concatenations and write it on the right of = in a LET 
statement. For instance, the following is a correct statement : 


230 LET Cs=A$+B$+‘KG’+ D$ 
The result of concatenating N4§ and A$ initialized above will be the string 
‘GOOD BYE MR. JOHN’ 
and to store this in variable C$, we may write 
160 LET C$=N4$+ A$ 
(what will be the result if we put A$+-N4$ ?) If we write 
100 LET Cs=AS-+‘,--N4$ 
the result in C$ would be 
‘MR. JOHN, GOOD BYE’ 


Tt is called concatenation, and 
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LINE NUMBERING 


Every BASIC statement is preceded by aline number. Consequently, every line of a 
BASIC program starts with a number. The line number can consist of upto 5 digits, starting 
with Í onwards upto a certain limit (which is sufficiently high to be bothered about) imposed 
by your BASIC. A line number is separated from the rest of statement by one or more 
spaces. 


The line numbers play vital and multiple roles in BASIC. We have already seen one 
role : it distinguishes between immediate and deferred mode of execution (see Section 4.3), i.e 
distinguishes between commands and statements of BASIC. The other important roles cE line 


numbering are as follows : 


(i) It is equivalent to numbering of steps in the description of algorithms (see Chapter 
3). As it uniquely identifies position of a statement within a program, a line number is used 
to divert flow of execution to any statement of the program, In subsequent lessons, we will 
see how conditional execution, setting of loops and unconditional transfer of control are 
achieved using line numbers. 


(ii) The line numbers are used by BASIC to arrange the statements in increasing 
order of their line numbers. The sequential flow of execution proceeds in the increasing 
order of line numbers. Since BASIC automatically orders the statements, we can enter our 
program statements in any arbitrary order. To illustrate, a program consisting of the 
following statements : 


100 LET A =12'5 
150 LET Bs=‘PAYROLL’ 
160 LET C =(A * 2) } 10°45 


could have been entered in the following sequence without affecting the results. 


150 LET BS=‘PAYROLL’ 
100 LET A =12'5 
160 LET C =(A * 2)/10°45 


An advantage of this facility is that if a statement was omitted by oversight it can be typed i 
even later by giving it a suitable line number that will put itin the desired position. Thi $ 
one important reason why we do not use consecutive line numbers such as 100, 101 f- w 3 is 
but use numbers with a difference of 10 (say) so that insertions can be made later. : etc., 


(iii) Any statement, irrespective of its position in the program, can be easily modified 


afterwards just by using its line number. Suppose, in the example above, we required that A 
be set to another value. Without retyping any other statement, we could just chan 
offending statement by retyping it : ge the 


100 LET A=13'5 


We could have deleted it altogether by typing 100 and immediately pressing th 
key. More about program editing later. g the RETURN 
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5.5. BUILT-IN FUNCTIONS 
In using a computer for solving scientific problems, 
required as part of the overall problem. Each one will generally 
ments for performing computations for that result. In Chapter 4, we considered the example 
of a series for computing sine of an angle. This and many other mathematical functions 
are required in many problems. BASIC simplifies our task by Providing built-in programs 
for many commonly required functions. The work of entire SINE algorithm of Chapter 4 is 
done by the following single statement : 
103 LET Y=SIN (X) 


The word SIN in this statement refers to a built-in-function of BASIC. 
(X) causes execution of that function on the value of X. X is called argu 


some results are frequently 
require a number of state- 


The expression SIN 
ment of the function. 
Every function has a name and takes nil, one, or more arguments. 
performs its calculations on the arguments, and produces one result value, w 
stored or used in further computations. A function name can appear in an ex 
has highest precedence for evaluation. The arguments of a function can 
expressions, and, therefore, can themselves contain function references, 
statements illustrate the generality of the facilities provided ; 
100 LET Y=P * SIN (X)/29°5 
150 LET R=H * SIN (X+Y * Z) +2 
2190 LET T=H * SIN (X+Y * SIN (Z))[3°5 


The facility of functions is as if the set of Operations in the language has been exten- 
ded. BASIC provides a large number of built-in functions, some of which are listed below 
Remember that for all of them, arguments can themselves be expressions. Also Sb 
BASIC may have only some or more than the following functions i 


The function 
hich may be 
pression, and 
themselves be 
The following 


Trigonometric Functions : (angles must be in radians) 
SIN (X) : finds sine of X 
cos (X) : finds cosine of X 
TAN (X) : finds tangent of X 
COT (X) : finds cotangent of X 
ATN (X) : finds arctangent of X 
Mathematical Functions : 
ABS (X) : finds absolute (i.e., magnitude part with sign made 
SQR (X) or SQRT (X) : finds square root of X 
LOG (X) or LN (X) : finds natural (to base e) logarithm of X 
LOG 10 (X) : finds logarithm (to base 10) of X 
EXP (X) : finds e raised to power X (i.e., e7) 
Other Useful Functions : 


INT (X) : returns a largest integer value that is less than the real X. / 
(45:27) is 45 and INT (—3:2) is —4, Thus, INT 


+e) value of X, 
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FIX (X) : returns an integer value by truncating the fractional part of X. Thus 
FIX (45:7) is 45 and FIX (—3:2) is —3. Also, FIX (25/4) is 6. 


RND : generate a number between 0 and Í randomly. A very useful function in 
simulation studies. Successive use of this function (e.g., within a loop) 
will produce different random numbers. As an example, 


100 PRINT INT (RND * 1000) 


may print the number 347; on next execution, tie result may be 703. 
Note that this function has no arguments. 


LEN (X9) : the argument is a string variable or a string expression. It returns the 
total number of characters in the current value of X$. If value of X$ 
was ‘GOOD’ then LEN (X$) will return value 4. The result zero of LEN 
indicates a null string i.e., a string of length zero. There are many other 
functions for strings ; we wili introduce them later. 


5.6 BASIC COMMANDS 


We mentioned earlier that after logging in and initiating the BASIC software, it indi- 
cates its readiness to accept our commands or programs by responding with some symbol 
(such as >, or] or the words READY or OK.) We can now type in the program statements 
or give commands to BASIC for immediate execution. There are some non-computational 
commands which can be given to BASIC software for some special indications, We will 
discuss a few of them here. Note that such commands cannot be made part of a program, 
but are intended for creating the interactive environment for us. 


NEW 


By typing this word, we indicate to BASIC that we are starting a new work and that 
it is to forget all previous statements and variables. Thus, this command clears memory as 
preparatory to entering a new program. 


RUN 


We have already considered this command. It causes BASIC software to Start executing 
the program statements entered earlier. Of course, before executing the Statements, BASIC 
will check them for correctness, and if there are any errors, the errors will be 
and there will not be any execution. If our program is error-free 
RUN command can also be written as 


RUN <line-number> 


pointed out, 
» it will be executed. The 


in which case, the execution begins from the specified line number. 


LIST 


The LIST command will result in the displaying of the program typed in by us The 
program statements will be listed in increasing order of line numbers. It isa frequently used 
command. Remember that we could have entered program statements in any order (as lon 

8 
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as we selected line numbers properly) and we could made modifications. It is desirable to 
have a final look at what we have fed in by using the LIST command. A large program will 


generally be developed part by part. The LIST command can also be used to obtain listing 
of only a part by using the following variation : 


LIST < line-number-1 >— < line number-2> 
(e.g., LIST 400-600 where listing will start with statement numbered as 400 and continue 
upto statement numbered 600). On the other hand, the following 
LIST < line-number > 


will display only one line whose number is specified. We use this variation for removing 


error(s) from a specific, incorrectly typed line. More on errors and correcting them will be 
in Chapter 6. 


5.7 BBC BASIC 


The BASIC language on the BBC microcomputer has the following differences from the 
features described here. 


(i) It allows all 3 types of variables: integer, real and string. The variable names 
may be of any length and may contain ever lower case letters and underscore character as in 


Basic—pay 
(ii) The integer numbers are represented using 32 bits with maximum value permitted 


being 2,147,483,647. The precision for real number is9 digits with maximum value as 
1:7 x 1088, 


(iii) A BASIC statement may occupy any number of lines with single line number and 
ending in RETURN key. 
(iv) The keyword LET in assignment statement is optional. 
(v) A single line may contain more than one statement. Only the first should have 
line number. The colon is used to separate the statements. For example, 
100 LET X=4: Y=6: Z=X/Y+D 


(vi) For integer operands, two additional operations are provided to obi 


results only. The DIV operation gives integer quotient and the MOD o tain integer 


remainder after division. Thus, peration produces 
18 DIV 5 will give 3, and 
17 MOD 5 will give 2. 


(vii) It provides RUN both asa statement and command. Asa command 
all variables in the program before executing it (thus, their old values are lost). -Alt : tivel 
the GO TO statement (see next chapter) can be used as a command to ree t pte ively, 
without clearing the variables. ute the program 


it clears 


(viii) The built-in function TIME is provided to obtain clock value. Usin this 
can design games and find out time taken by players to make moves. The builtin fa Hie 
RND (X) gives random number between 1 and X. Thus, RND (6) simulates a di ction 
you a value between 1 and 6 randomly. ice giving 


1. 
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EXERCISES © 
Write correct 5 variable names of each type. 
In what sequence will the operations be performed in the following statements ? 
LET A=B+C+D*E* F/10 
LET D=1/2* SIN (X/2* SQRT (26:5) t (1/2) 


(m) 


Write LET statements for evaluating the following expressions : 
ngul A 
(i) TFX (ii) log (1+x/10) 


a 

DRX 
Test the precision of your computer by asking it : 
PRINT 1/3 i 


Set variable X to ((sin(y)2 
P=Sin (y) 
Q=(1—(os (y))?)4/2 


(iv) X+X (1+R/100)- ° 


(cos (y))? for some value of y. Set variables P and Qas 


DRY 


Now, use ; 
PRINT X, P, Q ò 
and check if X is 1 (or very close to it) and whether P and Q have (almost) same values. 
This exercise will illustrate that computer arithmetic on real quantities may not be exact. 
Classify the following statements as valid or invaltd. -Jf valid, .explain its ‘action ; if 
invalid, identify the errors. 

(i) 100 LET A=(B+-C)/10* (1—F) 4 2/3 4 
(ii) 100 LET A$S=B$+C 
(iii) 100 LET A—B= —(B—A) 

(iy) 100 LET A=A 

(v) 100 LET A=SIN (X+-Y/2) 

(vi) 100 LET B{Z=LEN (P$+K$)—1 : 
Write BASIC statement(s) > - O 


(i) to give your name, age (in years), address, and number of mem 
to the computer 


(ii) to obtain decimal equivalent of the binary number 11000101, © 


(iii) to obtain percentage of people having non-Hindi mother tongue 
of people and people with Hindi as mother tongue. 


t 


bers in your family 


given total number 
Fy 
. Le 


Choose appropriate type of variables in each case. © i ‘ 


i) 
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WRITING BASIC PROGRAMS 


6.1 INTRODUCTION 


So far, we have learned elementary rule of BASIC and we now know how BASIC can 
be made to perform computations using i.s LET statement. We must study a few more state- 
ments before we can write complete and meaningful programs. In this lesson, we consider 
decision-making statements, the control structuring statements and the statements for in 
andcoutput. We will indicate the rules for constructing these statements, i.e.; rules for s 2 uc 
the meaning or semantics of these statements, i.e., the actions performed ty BASIC ea ax, 
will indicate possible variations in different BASICs through notes. On the first REGN we 
you may skip the notes, unless you are using BASIC of some computer simultan ing, 
the studying of these lessons, eously with 


The new statements will be illustrated with examples, and we will also give 
programs for some interesting problems. In fact, we will also indicate the results ae oe 
by the programs. It should be fairly easy for you to see what we enrer into the produced 
what the system’s responses. are. system and 


62 REM, GOTO, STOP AND END STATEMENTS 


The word REM stands fer remark. A REM statement is used to include explana- 
tory comments in your programs. Comments are very useful to explain what a group of 


statements achieve and what a variable stands for. They hel k 
` us and : 
understanding programs. erie others in reading and 


The REM statements are completely ignored 5; i 

€ em y i oy BASIC during r 
They are included in listing of programs (e.g., by LIST command) Bei a dee 
wise, The general format of REM statement is 3 eee She 


< line-number > REM < any text > 
and some examples would be 


100 REM THIS PROGRAM COMPUTES PRIME 
170 REM WE NOW CHECK IF J DIVIDES I. 


The REM statement is said to be non-executable. 


(82) 


~ two expressions. BASIC has the following comparison or relational operators 
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The GOTO statement of BASIC is used for uncondit onal transfer of execution to some 
other part of the program. It specifies a line number of the statement which is to be executed 
next. Thus, it breaks sequential flow of execution and diverts it to some other place. The 
general format of GOTO statement is 


< line-number > GOTO < line-number > 


and, as an example, 
200 GOTO 450 


will cause statement numbered 350 to be executed next. If no such Statement exists, BASIC 
gives an error indication. If the statement numbered 350 happens to be non-executable (c.g, 
it may be REM statement), BASIC will take next sequentially executable Statement after 350. 
The STOP and END statements, written simply as 
< line-number > STOP 
< line-number > END 


cause termination of program execution. Thus, BASIC, upon encountering these statements 
during execution, knows that the work is complete, and it comes back to us for further 
commands. The END statement is usually the last statement of a program ; thus, it is the 
highest numbered statement of the program. The STOP statement can occur any number of 
times within our program. 


Note : In some basic implementations, these two statements are completely interchange- 
abie. In some, the significant difference between them is that END automatically closes al] 
files while STOP does not. And in some others, the STOP is treated as a temporary termina- 
tior, and execution of the program can be resumed from next statement after STOP by using 
CONT (for continue) command. 


6.3 DECISION MAKING : IF STATEMENT 


In the simplest form of IF statement, we can evaluate a condition, and if found true, 
we can direct exccution to some other part of the program. If the condition is found to be 
false, execution proceeds sequentially to next statement. Thus, we here have a conditional 
transfer Of control. Consider the following statement : 


200 IF I < N THEN 150 


In executing this statement, BASIC checks if value of I is indeed less than N. -Jf so, the 
statement “umbered 150 is next taken for execution. If not so, the statement following this 
JF statement is next executed by the BASIC software. 


As we already know from Chanter 4, the simple conditions are formed by comparing 


= checks for equality 


< less than 

> i greater thar 

r e A less than or equal 
EE y greater than or equal 
L> = not equal 
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A‘condition is formed as follows : 
< expression—1 > < relational operator > < expression—2 > 
Thus 
I< WN 
A+B*2 > N-I1 
ABS (SIN (X)—SIN(Y)) <=0'0001 
are all valid conditions, The same relational operators can also be used for comparing two 
string expressions as follows : 
A$=B$ 
A$<> -“FIND’ 

The method of comparing two strings consists of comparing them character by character 
from left to right. If one of them is shorter in length, we may imagine it to be extended by 
spaces for purpose of comparison (this is a fairly standard practice ; still, your BASIC may 
behave differently, so find out). The collating sequence of characters is used for comparing 
two characters. It is meaningless to compare an arithmetic expression with a string expres- 
sion, and hence not allowed. Another important point to be kept in mind is that since real 
arithmetic on a computer is limited in accuracy by the precision of the computer, one should 


not compare two real expressions for equality, but only check to see if they are approximately 
equal (within certain limits). For example, instead of writing 


IF A=B... 
we should write 
IF ABS (A—B) <=0'00005... 
The general format of IF statement can now be given as : 
< line-number > IF < condition > THEN < line-number > 

Read the following notes for important facilities/variations. 

Note 1 : In some BASIC systems, specially the older implementations, the facility for 
cgmatructing complex conditions using the logical operators AND, OR and NOT was not 
ayaijaple. ‘Thus, multiple combinations of conditions could not be checked directly. We can 


indirectly achieve this, however, with the IF introduced above. For example, consider the 
following statements : 


100 IF A > B THEN 150 
150 IF C > D THEN 200 
200 LET E=F 


Then, the actual effect is that E=F is computed if both the conditions A>B and C> D are 
true. Thus, we have achieve ANDing of two conditions. 


You should yourself be able to 
achieve effects of OR and NOT. ‘ 
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Modern versions of BASIC directly allow use of the logical operators. The 
< condition > in the format of IF may be a complex condition formed by using AND, OR 
and NOT on simple conditions. Thus, in the above example, one could directly write 


100 IF A> B AND C > D THEN 200 


In complex conditions, the evaluation, proceeds as follows : first all arithmetic yor, string, as 
the case may be) operations are performed, next the relational operations are carried out, and 
finally the logical operations are evaluated. > 


Some BASIC systems go one step further. They treat a condition as a single expression. 
An expression, then, can contain all the 3 types of operations : arithmetic, relational and 
logical, with precedences between them as above. The difference arise here because a pure 
arithmetic expression can also be treated as a condition : if it yields non-zero value, it is 
treated as true, else as false. Then, the following statement is also valid : 


175 IF A+2 THEN 200 


Note 2: In some BASIC versions, we can also specify conditional transfers for both 
true and false values of the condition. For example : 


100 IF A <B THEN 200 ELSE 300 


Here, if condition is true then statement numbered 200 is next executed, If false, that with 
line number 300 is next taken up. ` 


Note 3: The IF statements seen so far caused transfers. Such transfers introduce a 
break in the flow of program. Too many and complexly intervened breaks destroy program’s 
readability (gives us ‘jerks’ in reading and following its actions), and is not considered a good 
programming practice. What we really need is a conditional execution facility and not 
conditional transfer facility. For example : 


100 IF A> B THEN LET C=D 


is clearer and more direct way of specifying our intention than 
100 IF A> B THEN 200 “ 


200 LET C=D 


dern programming philosophy. some versions of BASIC provide 


To keep in line with the mo 
The general form of the conditional execution facility is 


both kinds of JF statements. 
< line-no > IF < condition > THEN < statement(s) > 


ELSE < statement(s) > 


One or more statements may be written after the words THEN and ELSE. They can be any 


kind of BASIC statement, including the IF statement itself (thus, permitting nesting of IFs). 
Also, the ELSE part can be absent. After completing the execution of such a IF statement, 


the next sequential statement is taken for execution. 
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Note 4: Some BASIC versions allow the word GOTO in place of THEN. 
6.4 PRINT STATEMENT 


The results of a program can be displayed on your terminal, or can be printed out as a 
hard copy on a line printer, or can be stored on external storage devices like tapes or disks 


for subsequent use by another program. In this Section, we will consider the use of PRINT 
statement for obtaining results on a terminal. 


A PRINT statement can display 

(i) values of variables of all types (e.g., Al, B$), 
(ii) values of expressions (e.g., C—D* 2), or 
(iii) string constants (or, other constants also) 


A single PRINT statement can display one or more values, 
quantities to be displayed. The quantities within a list may be separa 
semicolons, each leading to a different way of displaying. 


USING COMMAS 


It specifies a list of 
ted by commas or 


When the list of quantities ja PRINT statement uses comma to separate them, the 
results are displayed in fixed Positions on the terminal. Each line on the terminal can contain 
only a fixed number of symbols, say 70, The line is divided into fields of 14 Positions each, 
We would have 5 fields in a line of length 70. One field is used for displaying one value. 
Consider the statement : 


100 PRINT Al, A2, A3, A4 


This PRINT statement has to display 4 values. 


They will be printed in the first 4 fields of the 
terminal line. The output may appear as 


305 -427.5 16.942 17.2341 


Field 1 Field 2 Field 3 Field 4 Field 5 


Suppose that the above PRINT statement is followed by another in the program : 


150 PRINT D1, D2, D3, D4. D5, D6, D7 


It has 7 values to-be printed, needing 7 fields. 
statement would produce an output of 2 lines. 


1°54 —1'23456E—6 0:23 
0 — 13469 


Since a line contains only 5 fields, this PRINT 
The output may look as follows : 


1000 —473 


Note that the output of this statement has again started on a fresh line. The earlier 
PRINT statement had left off one unused field, but that was not used here. We could havs 
obtained results of the second PRINT from where the first had left off by writing the first 
PRINT as 


100 PRINT A1, A2, A3, A4 
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Have you noted any difference ? The list here ends in a comma, implying as if that quantities 
of next PRINT should be treated as continuation of this list. Now. the output of the second 
PRINT will start from the Sth unused field of the line produced by the Ist PRINT. 


Have you noted something about values displayed by them? Note that some 
appear as integers, some in fractional form (e.g., —134°69)} and some in exponent form 
(e.g., —1'23456E—6). Also, the minus signs are printed for negative quantities, but positive 
quantities appear without a sign symbol. BASIC has in-built rules about the forms to be 
used for displaying numbers. If a value is a whole number and less than 108, it is printed as 
integer ; if greater than 108, the printing is in exponent form (with rounding off to get the 
value with the specific precision). For example, consider the following statements : 

100 LET A=23 

150 LET B=12345678 
200 LET C=987645321 
250 PRINT A, B, C 


When executed, the output will appear as 


23 12345678 9°87645E+8 
Here, the value of C appears with 6-digit precision 


When the value to be printed has a fractional part, it may be printed in ordinary or 
exponent form depending on largeness/smallness of value and number of significant digits in 
the value. When the value is greater than 999999 or less than 0'1 and has more than 6 
significant digits, the exponent form is selected. The following will illustrae the rute : 

100 LET A=0 012 

100 LET B=0'01234567 
120 LET C=5432'1 

130 LET D==1122336'°5 

140 PRINT A, B, C, D 


The output would be given as 
0:012 1:23457E—2 5432°1 1°12234F- 6 
The PRINT statement can also be used to output string variables and constants. “A 
string value would appear left-justified i a field, and one or more fields may be used depend- 
ing on the length of string value. Consider as an example. 
100 LET A$=‘BOMBAY’ 
200 LET JI=84000000 
300 PRINT A$, ‘HAS’, 1, ‘POPULATION’ 
The output produced by the above statements would be 
BOMBAY HAS 84000000 POPULATION 
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Do not get overwhelmed by these rules, and do not try to remember them very hard. 
They are automatically followed by BASIC, and we must live with these rules. Tt is sufficient 
for us to know how to read the results. 


USING SEMICOLONS 


When semicolons are used in the PRINT statement, and not commas, the only difference 
is that values do not appear in pre-defined fields as earlier, but one after the other conti- 
nuously, separated by one blank. Thus, the earlier example 2 

EEN 150 PRINT D1, D2, D3, D4, D5, D6, D7 
will give the following output : 


1.54 —1.23456E—6 0.23 1000 —47.3 0 —134.69 


All the other rules, like whether output is given on a new line or continued from the previous, 
which form to be used for numbers, etc., remain same as before. Thus, output using commas 


appears tabular in form, while with semicolons one can get more than 5 values per line in 
continuous form. 


OTHER VARIATIONS 


A PRINT statement without any list specification, written as 
100 PRINT 
causes one blank line in the output. 


If commas appear consecutively in PRINT, the 


y. indicate skipping of fields. For 
example, the output of h 


150 PRINT A,,, C 


would appear as 


20.9 —14.723 
Here, two fields are left blank (as two quantity specifications are missing in the statement), 


One can also mix commas and semicolons in a single PRINT Statement. A comma 
would cause printing of next valvc in a fed c{ 14 Fesiticrs (startirg ficm cunent ECSilicn), 


while semicolen would cause valuc to appear immediately. 
SUMMARY OF RULES 


1. A numerical value is always followed by a space. A positive number is always 
preceded by a space, and negative number by —symbol. 


2, The position of printed items is decided by separator used between items. For 
2 comma, the next item is printed in a field of 14 positions: A semicolon Causes next item to 
be printed immediately. z 


3. If a previous PRINT ended in a space, the next P. 


i as RINT starts display from 
line. 4f it ends in comma or semicolon, printing on same line 


2 : 1a New 
will be continued, 
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4. A PRINT may produce one or more lines depending on number of items to be 
printed. i 


Note: Some minor variations or additional facilities may be available in your BASIC. 
For example, it may permit one or more spaces in place of a semicolon, and the word PRINT 
replaced by the question-mark (?) symbol. And, of course, the precision of your computer 
may be different. You should try out the various examples above and observe the displayed 


results. 


6.5. EXAMPLES 


Although we have not yet seen how to input data to a BASIC program, we are in a 
position to write complete and useful BASIC programs. We repeat our advice to you: read 
the problem, formulate your own algorithm, write a BASIC program and check with the 
solution given here. While redding programs given here, execute them mentally, and convince 
yourself that the program and the results shown here are indeed as they should be. 


PRINTING TAXI METER TABLES 


The taxies of a city are equipped with meters for charging customers. If the meter reads 
1°50 at the end of a journey, this is the charge customer pays for this travel. The minimum 
reading of a meter, when set, is 1:00 and its increment in steps of 0'10. With the inflation all 
around, the taxi fares have been revised as follows. The minimum charge is to be 3°50 with 
increments of 0°15. Since replacing the taxi meters is not considered economical at present, 
the taxi drivers are to be provided with a chart indicating actual charges corresponding to the 
meter readings. We want ‘to prepare the chart on a computer. 


Let us first clearly understand how the output is to look like. It will have two columns— 
one giving meter reading, the other giving corresponding fair charge as follows : 


Meter Reading Charge 
1,00 1.50 
1.10 1.65 
1.20 1.80 
1,30 1,95 
etc. 


We have to write a program to produce the above output. 


We can define two variables Al and A2 that would take values in the two columns 
shown. At the start, their values will be 1.00 and 1.50. We print them out, and change their 
values, by corresponding. increments, and repeat our actions. Wher do we stop? The 
problem has not specified this, so we will prepare the chart upto the meter value of 10.0, 


90 | MICROCOMPUTERS : PROGRAMMING AND UTILIZATION 


The program, and its output (not fully, but only a few lines) are given below : 
READY 

NEW 

100 PRINT ‘METER READING’ ‘CHARGE’ 
110 LET Al=1.00 

120 LET A2=1.50 

130 PRINT Al, A2 

140 IF A1>9.9 THEN 200 

150 LET Al=A1+0.10 

160 LET A2=A2+0.15 

170 GOTO. 130 


200 END 
RUN 
METER READING CHARGE 
I 1.50 
1.10 1:65 
1.20 1.80 
10 15 
READY 


Note that the actual output will give the entire chart for met 
(due to approximate real arithmetic) that actual results 
For example, instead of 2, we may get 1.999999, 


er reading of upto 10. It is likely 


will be slightly different from above, 


GENERATING PRIME NUMBERS 


A prime number is an integer number not wholly divisible by any number other than 
l and itself. For example, 1,2, 3, 5,7, {1 are some of the prime numbers. The prime 
numbers are quite useful to mathematicians, and there is no formula for obtaining them 
readily. We want to write a Program to list all prime numbers between 10 and 1000. 


As no formula is available, we can try a brute-force method 
number X. How would we decide if it is prime or not ? We 
divisible by any number between 2 and X—1.. Ifso, X is not prim 


- Suppose we are given a 
can check jf it js completely 
e€, else it should be listed. 

How do we find out if 
we get the answer as a 


Let Y be some number between 2 and X— Í, X is completel 
divisible by Y? If we divide X by Y in BASIC, haps ed 


real number. For 
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complete divisioa, the answer should be a whole number. How can we check this? It is 
slightly involved, and if you can yourself find a method, it would be remarkable for a beginn-- 
We illustrate the method using an example. Let X=15, Y=2. If we compute P as 


P=INT (X/Y) 


then value of P would be 7 (remember that INT is 2 built-in BASIC function). Now, if 
multiply P and Y we get answer as 14. We get result which is not equal to X, We ae 5 a 
that 2 does not divide 15. Now, if Y was 3, then P would be computed above as 5 ae 
would be same as X. Then, our conclusion will be that X is not prime. ; 


Now knowing how to check for complete divisibility, let us get back to the origi 1 
problem. Given an X, we can let Y take values between 2 and X—1 and keep checkin ae 
divides X. _ It is clearly a situation for a loop withir our program. X itself will take ; i 
from 10 to 1000. This would be another loop. We would, thus, have 2 nested loops wine 


our program. 


Before proceeding to write the program, let us see if we can improve our brute-force 
method. Improvements of an algorithm are directed towards making it more efficient, j.¢ 
saving on unnecessary computations. Some improvements should be immediately obvious par 


(i) X does not have to take every value between 10 and 1000. Itis certain that even 
numbers cannot be prime numbers. So we can start with X=11 and let it take values in ste 
of 2 (i.e., 13, 15, 17, ete.). We will be saved from about half of the numbers in trying es 


for primeness. 


(ii) We need not divide X by every number between 2 and X41. If X is “ot divisibl 
by 2, it would not be divisible by 4, 6, ... etc., i.e., any other even number. Moreover, sin : 
X would be selected as an odd number as per the improvement (i) above, we need aie mee 
divide by 2. Hence, Y need to start with 3 and also be increased in step of 2. We will a 
about 50% of the divisions. e 


(iii) We need not really go upto X—I for Y. Tt is sufficient if we let Y go upto onl 
x1/2, This is because, in the worst case. X may have only two factors, one below X1/2 g x 
the other above X1/2. 2 


With these improvements, the algorithm would be quite decent and not brute-fore 
Since the program would be fairly complex for a beginner, our first step should be to ae 
down the algorithm in its broad steps. For this problem, the major steps and their sequ ite 
would be as follows : ‘quence 
(i) start with X= fl. 
(ii) let N be X1/2, Then repeat step (iii) with Y=3, incrementing it with 2 until į 
crosses N. il it 
(iii) check if Y divides X. If yes, then go to step (v) for trying next value of X. If n 
try another Y. 0, 
(iv) print X as no Y was found to divide it. 


(v) take next value of X as X=X-+2 and if X<1000 then go to step (ii), 
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Writing down the above steps gives a concrete shape to our algorithm and we can now. proceed 
to write the program. Our solution with sample results is given below : 


READY 

NEW 

50 PRINT ‘PRIME NUMBERS’ 

100 LET X=11 

110 LET Y=3 

120 LET N=INT (SQRT (X)) 

130 REM CHECK IF Y DIVIDES X 
140 LET P=INT (X/Y) 

150 IF X=P * Y THEN 210 

160 REM TRY ANOTHER Y 

170 LET Y=Y+2 

180 IF Y<=N THEN 130 

190 REM NO Y FOUND DIVIDING X 
200 PRINT X; 

210 REM NOW TRY FOR NEXT VALUE OF X 
220 LET X=X+2 

230 IF X<=1000 THEN 110 


250 END 
RUN 
PRIME NUMBERS 
11 13 17 
READY 


Note the nesting of 2 loops : the outer one for X cov 


ers statements 110 to 230; 
for Y starts at statement 140 and ends at 180, 


the inner cne 


6.6. INPUT STATEMENT 


The INPUT statement of BASIC is used to su 
Certain variables of the program can be given valu 
ment. Consider, for example, 

200 =~ INPUT A,B,C,D 


Upon encountering this statement during execution, 
the values for variables A, B,C and D at this sta 


pply data to a program during its execution, 
es by putting them into the INPUT state- 


BASIC knows that it has to get from us 
ge and then only proceed further. BASIC 
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types the question-mark (?) symbol and waits for us to supply the data values. When we finish 
typing in four values separated by commas, the values are given to the corresponding variables 
and program execution proceeds to next statement. 


Thus, the INPUT statement allows us to develop a program in general terms, to be 
executed for any data values. Every time the program is run, we can give different data values. 
No modifications to the program are required. 


The variables in the INPUT statement can be of any type. The values typed by us 
(after 2) should match in number and types with the variables in the INPUT. The values must 
be separated by commas. Else, BASIC gives an error message and asks us to start giving 
values all over again. Only values can be given by us, and not expressions. The string values 
may be enclosed within quotes. The quotes may, howcvcr, be omitted if the string does not 
contain commas and/or leading blanks (i.e., blanks at start). It is a good practice always to 
use quotes (unless the string itself contains a quote). 


The question mark may be typed by BASIC on a new line or in continuation depend- 
ing on how a previous PRINT had ended (whether in blank or in comma/semicolon, 
respectively). We generally have a few PRINT statements preceding INPUT to help the 
person at terminal in his task of supplying values. 


Consider the following program and its results : 


100 PRINT ‘GIVE INVESTMENT RATE AND DEPOSIT ; 
200 INPUT R, D 

300 LET P=R*D/100 

400 PRINT ‘INTEREST EARNED=’ ; P 

500 END 

RUN 


GIVE INTEREST RATE AND DEPOSIT ? 12,1000 
(Note : these two numbers were typed by user) 
INTEREST EARNED=120 
RUN 
GIVE INTEREST RATE AND DEPOSIT ? 9,1500 
INTEREST EARNED=135 


We executed the program twice, with different input values. Note how the first PRINT 
statement outputs a prompting message to the user. The second PRINT statement also 
includes a string to explain what the output value is. 


For your practice, modify the program for prime numbers to obtain them within a r 
specified through IN PUT statement. You may also rewrite the taxi chart program where 
INPUT will supply the data about revision of taxi fares. 


ange 
the 
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6.7. READ, DATA AND RESTORE STATEMENTS 


In this section, we will consider another way of supplying data to a BASIC program. 
Here, the READ statement, instead of INPUT, is used to list the variables in much the same 
way. For example, 


100 READ A, B, C, D, X$ 


Upon execution of this statement, the BASIC will obtain values for the listed variables 
A, B, C, D, and X$, but in a different way than INPUT statement. 
values as a part of program itself through the DATA Statements. A DATA statement contains 
one or more values separated by commas. There may be any number of DATA statements 
within a program. All the values of all DATA Statements from a pool of constants, and the 


variables in READ are given values from this pool one after another sequentially. Thus, the 
program containing the above READ may have 


We here specify the 


600 DATA 20.5, —1.05, 2.94 E-8, 294, BOMBAY 


Then, the variables A, B, C and D will respectively be given the above 4 numeric values and 
X$ will be given the value ‘BOMBAY’. The effect would have been the same if the five values 
were indicated in same order but in more than one DATA Statement, say, as 


600 DATA 20.5 
610 DATA—1.05, 2.94 E-8 
620 DATA 294, BOMBAY 


The values within the pool are sequentially scanned for reading as READs are executed, every 
READ beginning from where the previous READ left off. The type of values in the pool 
should match with the type of variables in READs. In general, the number of values in the 


pool should be equal to number of values to be read. However, the pool can be used all ovcr 
again by issuing the following statement 


150 RESTORE 


The effect of RESTORE is to place us at start of 


pool for subsequent reading of data. Assum- 
ing that we now had one more READ, say, oo 


200 READ E, F 


with same DATA as before, then E and F will Tespectively be initialized to 20,5 and — 1.05 


Let us now summarize the important ways in which READ differs from a one 
READ does nor cause the program to pause or wait for us to supply values during excell 
pidaia ee prety from DATA statements, which are Pait of ihe pro es 
itself, Thus, program execution is not interrupted. Secondly, the data values aae ane 
as part of source program and become part of program documentation, while Seale 
values supplied to an INPUT is kept. Finally, data can be reused again and again through 
RESTORE statement. 
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The rules for DATA and READ are quite simple. In READ, the variables, of any 
types, are speciried separated by commas. In DATA also, values are separated by commas. 
The string values are enclosed within quotes (which may also be omitted if the string value 
itself does not contain commas or leading blanks). 


The DATA statement ıs vot an executable statement. It may be placed anywhere in 
the program, but the usual practice, and a good one, is to place all of them just before the 
END statement. 


6.8. EXAMPLE 
Student Grading 


Let us consider a class of students studying 4 subjects : English, Physics, Chemistry and 
Maths. We will be given names of students and marks, out of 100, in each subject. The 
students are to be graded as follows. If he/she gets less than 30 marks in any subject, he/she 
is considered to have failed. If he/she passes in all subjects, then a grade is awarded on the 
basis of average marks as follows : 

Grade I : average>=60. 

Grade 2 : average>=45 but < 60 

Grade 3 : average <45 


A student gets a distinction in any subject if his/her marks are above-75 in the subject. 


We wish to write a program to analyze the marks as above. The number of students 
in the class will also be supplied as data. The program’s output should be quite presentable 
Some examples of output are given below : r 

MARVIN MARTIN 

PASSES IN GRADE 1 

DISTINCTION IN ENGLISH 

JAMES BOND 

FAILS 


The program is not difficult to develop. Let Ns, E, P, C and M be variables for i 
data of nome and marks, and A for computing average. The DATA statements will be nput 
for supplying input values. Let X be a variable for obtaining number of students in the nS 
The program given below and its results s'wuld be simple to follow. assi 


NEW 
100 PRINT ‘STUDENT PERFORMANCE EVALUATION’ 
110 READ X 


120 READ NS, E, P, C, M 
130 PRINT 
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140 PRINT N$ 

150 IF E < 30 THEN 370 

160 IF P < 30 THEN 370 

170 IFC < 30 THEN 370 

180 IFM < 30 THEN 370 x th 
190 REM THE STUDENT PASSES ; COMPUTING GRADE IN I 
200 LET A=(E+P+C+M)/4 

210 PRINT ‘PASSES IN GRADE’; 

220 LET I=2 

230 IF A >=60 THEN LET I=1 


240 IF A < 45 THEN LET I=3 
250 PRINT I 


260 IF E < 75 THEN 280 
270 PRINT ‘DISTINCTION IN ENGLISH’ 
280 IF P < 75 THEN 300 


290 PRINT ‘DISTINCTION IN PHYSICS’ 
300 IF C < 75 THEN 320 


310 PRINT ‘DISTINCTION IN CHEMISTRY’ 
320 IF M < 75 THEN 340 
330 PRINT ‘DISTINCTION IN MATHS’ 


340 REM CHECKING IN ALL STUDENTS FINISHED 
350 LET X=X—1 


360 IF X > 0 THEN 120 
365 STOP 


370 REM STUDENT FAILS 

380 PRINT ‘FAILS’ 

390 GO TO 340 

500 DATA 3 

510 DATA MARVIN MARTIN, 80, 60, 65, 55 
520 DATA JAMES BOND, 20, 30, 40, 50 


530 DATA ‘ADA LOVELACE’, 80, 90, 40, 95 
600 END 


RUN 
STUDENT PERFORMANCE EVALUATION 
MARVIN MARTIN 
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PASSES IN GRADE 1 
DISTINCTION IN ENGLISH 
JAMES BOND 

FAILS 

ADA LOVELACE 

PASSES IN GRADE 1 
DISTINCTION IN ENGLISH 
DISTINCTION IN PHYSICS 
DISTINCTION IN MATHS 
READY 


Note in the above program how we obtained grade. Also, note that we used here 
conditional execution form of IF (which may not be supported by your BASIC), Further, our 
transfers of ca:ra!, conditionally asin line 150 or unconditionally asin 390, are to REM 
statements, which are really dummies. We have done this to draw our own attention to 
remarks while reading the program. It is a desirable practice. Finally. in DATA Statements, 
we enclosed one name in quotes (though not necessary), and could have done the same for 
other names too. 


6.9 VARIATIONS IN BBC BASIC 


The BASIC language on the BBC microcomputer diifers from the description given in 
earlier sections in the following : 


(i) It permits awariable or expression in the GO TO statement, the value of which, 
when evaluated, will be taken as line number for transfer of control. The use of GO TO i in 
this fashion is not recommended for reasons of readability. 


(ii) An arithmetic expression can be directly used us a condition It is taken as TRUE 
if it is non-zero. Even conditions can be used within arithmetic expressions. A FALSE 
condition has numerical value of zero and TRUE has —1. It is better to avoid such inter- 
mixing cf expressions and conditions and write the operations distinctly. 


(iii) The IF statement permits conditional execution of one or more statements 
(separated by colons) or to select among two groups of statements. The statements may be 
GO TOs. The following are the illustrative examples : 


100 IF A > B THEN GO TO 500 
100 IF A > BAND B < C THEN D=B—C: PRINT 
“VALUE OF DIS”, D ELSE A=0 : B=O 


Note that the latter is a multi-line statement with the key RETURN pressed only at 
the end of second line. 
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(iv) The PRINT statement uses fields of width 10 columns for printing values when 
the separator comma is used. Values are printed in fractional form when they are in the 
range 0'Í to 1, else the exponent form is used. Like other BASIC implementations, the BBC 
BASIC provides facilities for defining our own format for printing of numeric values. A built- 
in variable named @% can be given a suitable value by us so as to 
the desired format. A 8-digit value of @% as in 


LET @%=& didedsdadsdgdrdg 


get subsequent printing in 


where each d stands for a digit is interpreted as follows : 
dıdz : are zeros for numeric data 
dads : should be 01 for exponent and 02 for fractional format 
d5de : give number of digits to be printed (default is 9), and 
dids : give field width. 

Thus, the statements 
100 LET @%=&00020306 
110 PRINT 4/2, 5/3 

would cause printing of 2°00 and 1°66 in fields of width 6 columns, 


_We can use the built-in function TAB to 
As an example, 


100 PRINT TAB (20), A, TAB (6, 15), B 


will print A starting from column 20 of current line and B on line number 15 Starting from 
column 6, i 


select a specific column for printing a value. 


(v) The INPUT statement allows us to incl 
to guide the user to supply appropriate value (we did this in Sec. 5'6 by a PRINT preceding 
INPUT). Thus, in 

100 INPUT “SUPPLY PRICE”, P 


the message SUPPLY PRICE ? will a 


ppear on screen, after whi 
The question mark in the message wil 


l not appear if the comma 


BBC BASIC includes function GET$ and I. 


ich value of P will be accepted, 
is absent after the prompt. 


NKEY$ to get Single-key response from th 

user: In the statement p e 
200 BS=GET$ 

it waits till the user presses a key (which will be Stored in Bs), Wit it wi : 

oniy for 2 seconds. ) ith INKEYȘ, it will wait 


6.10 CORREÇTING ERRORS DURING TYPING 


We consider here how a line containing an error can be easily corrected by facilities 
provided on a terminal itself. Obviously, these facilities will be highly computer dependent 


ude a prompt for displaying it on the Screen _ 
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and hence we can only indicate here the likely facilities. Being very useful, you must acquaint 
yourself with facilities available on your terminal. 


We consider two situations : 


(i) an error in typing before we have pressed the RETURN key, and 


(ii) an error in a line which went in unnoticed by us, but was pointed out by BASIC 
software after we typed the RUN command. 


Suppose that we typed as follows : 

100 PRINT ‘THE UREA OF (on RETURN yet pressed) 
and noticed the error that we wanted to put AREA and not UREA, It is not necessary to 
retype the whole line. We can use the + key to move back the cursor to the place of error. 
Every stroke of key < wipes out one character. We keep pressing < key until cursor is 
positioned on U, the wrong letter, and then start retyping the remaining part. 


On some terminals, it may be possible to use key —> for forward cursor movement that 
will recall the earlier typed character. In that case, in the above line, we will press — key 7 
times to position cursor on U, then type letter A and use - key 7 times and start typing 
characters after the letter F. 


To take an example of the second situation above, suppose that the following line was 
part of a program we wanted to RUN : 


300 LET A=B+C/*D 
The BASIC software will reject it saying 
SYNTAX ERROR IN 300 


or some such message. We could get back what we typed in 300 by issuing the command 
LIST 300. Let us assume the actual statement was intended to be 


300 LET X=B+C/E*D | 
Then, the letter E after / was missing. There was an additional error of A in place of 
the desired X (this error alone would not have been pointed out by BASIC, but, probably, 
would have caused wrong results). Now, we wish to correct the old statement 300, Your 
computer or BASIC software will include some text editing facilities that would make it un- 
necessary to retype the whole line. The facilities provided would include replacement of text. 
inserting new text, or simply deleting some parts. X 


Let us consider one example scenerio for correcting statement 300. We give a command 
EDIT 300 
_ and system responds by typing 
300 A (Note: A indicates cursor position) 
Now, using either > or space bar only, we can get characters in old 300 to be displayed in 
the above line. Pressing — 5 times give us 
300 LET A 
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We now type X to replace old A and press > 5 times : 

300 LET X=B+C/A 
At this stage we want to insert one character. We indicate this by pressing the keys 
CONTROL, I and 1, and then type the required insertion E giving us 

300 LET X=B+C/EA 


and press —> 3 times to complete the correction (Pressing of at the end may be avoided by 
using ESCAPE key). 


Note that it is much simpler to Tepeatedly press > key than Tetyping various different 
characters, 


Even expert and trained typists make mistakes. We see here that a computer system 
not only can recognize errors, but provides facilities for easy correction. 


6.11 TESTING AND DEBUGGING 


- A program is rarely correct the first time it is developed, It may contain different 
kinds of errors : 


(i) Syntax errors : The errors in the construction of statements, wh 
per the rules of a programming language. Fortunately, 
errors (during the compilation Process) and 
in the previous section, The software can 
Some examples of messages : 


en they are not as 
the software itself can point out such 
permit us to correct them, An example was seen 
Pinpoint the error and give us a suitable message, 


* an expression does not have matching pairs of brackets, 


` there is no statement with line number given in a GOTO, etc, 


y the software, along with indication of the place in 
his kind of errors are; 


overflow or division by zero 
* SQRT function’s argument is negative 


* the value in DATA does not match with the type of variable in READ, etc, 


The logical errors may be due to errors in 


Statements or data, and must also be corrected after 
analysing the cause of error. 


The absence of above types of errors doe: 
correct. In fact, a famous quotation in Comput 
only for presence of errors and not their absence. 
can only discover such errors by carefully observing Program’s output. What if the program 
even gives correct results for some trial data? It may not work for another set of data. 
All this goes to show that after eliminating syntax and execution time errors, we should test 
the program on different sets of data and see if the Output is as per our expectation (or, tallies 
with hand-calculated results), The different sets of trial data should be chosen with care ; 


This is really a dangerous Situation. We 
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they should be representative, and include various possible situations. Only when the program 


gives correct answers in all cases of test data can we say with reasonable confidence that we 
have written a correct program. 


EXERCISES 


1. Lect the following variables have values shown against them : 


A 14-2 
B —310 
€ 2134 
N% 30 
M% 100 
D$ ‘COMPUTER’ 
P$ ‘SYS’ 
X$ ‘TEM’ 
| (i) Which of the following conditions are yalid as well as true, valid but false, or invalid: 
i A>B+C 
A>B<C 
| P$=Xs 
D$>Ps+X$ 


A>10 AND P$< >X$ 
NOT (M%=N% OR A>C* 4) 
| (ii) What will be the new values of above variables after exccuting each of the following 
program segments : 
(a) 100 IF N% <M% THEN 200 
120 LET NZ=N% *2 
130 LET A=A~+-10 
150 IF A<C* 30 THEN 100 


(b) 100 IF P$>X$ THEN LET A=0 ELSE LET B=2:7 
110 IF D$<>‘COMP’ THEN LET P$=P$+X$ 
(iii) pati ee of the output obtained by the following PRINTs 
100 PRINT A, B, C 
110 PRINT 
120 PRINT ‘INTEGERS’, M%, N% ; 
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130 PRINT D$ 
140 PRINT P$+X$ 
150 PRINT 
160 PRINT A ; B ; C, N% ; M% 
(iv) Write PRINT statement(s) to obtain values of abc ve variables laid out as follows : 


REAL QUANTITIES ARE 

14-2 —310 2:314 
INTEGERS ARE 30 100 
COMPUTER SYSTEM NO NO SYSTEM 


(v) Give READ and DATA statement(s) if the abovë variables are to be given values 
shown against them. 
(vi) Give READ statement(s) if DATA were piven as follows 
100 DATA ‘TEM’, 14°2,—310 
120 DATA ‘COMPUTER’, ‘SYS’, 2°134 
050 DATA 30, 100 
(vii) What will you enter from the terminal when the following INPUT statement is 
executed : 
100 INPUT A, N%, P$, Xs 
(viii) Write IF statements that will set all real variables to zero and integer variables 
to —1 if the following conditions hold : 
(a) A is greater than B but not less than B—A/100. 


(b) either M% is greater than N% and P$ is not equal to X$ or B is negative and A is 
less than 4*C. 


2. Write a program to check if a given integer number is equal to some power of 2, The 
(sample) answers from the program should be as follows : 


417 IS NOT A POWER OF 2 
64 IS 2 RAISED TO 6 4 


3. Write a program to print those numbers between 


1 and 1000 whi 
(ie 1, 4,9, 16, ete.) which are perfect squares 


4. Write a program which will print the follo wing output : ! 


11 

12 13 

14 15 16 

17 18 TOPE) 
21 22 23 

24 25 


26 
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5. Modify the program in Exercise 4 above for a given numbez (N) of values in the 
middle line. The output in Exercise 4 is forN=4. The value of N may be between 
2 and 7. 


6. Compute the value of x using any of the following series : 


heed UL eee 
(i) m=4 ( 1 3 acne 7 Feseeereo -) 
s PR) 9G ODES 
(ii) m4 3-35 5° 77 A eee 
6 rROMNG 
(iii) n= [6 et at at recite 


7. A computer is to be used for electing a class representative out of 4 candidates contesting 
the election. Write a program. 


(i) to obtain names of candidates 
(ii) to accept votes of the 100 students in the class and 
(iii) to print number of votes polled by each candidate, the number of invalid votes, and 
the name of winner. 


8, Write a program to simulate a simple calculator. Input to the program would be an 
operator (e.g, +, —: * orf) and two numbers, and the output should be result of the 
operation. If one of the input numbers is zero, the corresponding operand should be 
result of the previous operation. A blank operator should stop the program. 


T 


ARRAY PROCESSING IN BASIC 


7.1 INTRODUCTION 


We became familiar with the concept of array and its use in algorithm formulation 
in Chapter 4. A one-dimensional array is a linear list of certain number of elements. The 
term vector is also used for one-dimensional array. A two-dimensional array, or, 
represents a rectangular arrangement of elements in rows and columns, 
concept is extendible to higher dimensions, BAST 


>» matrix 


Although the array 
C supports only vectors and matrices, 


An array is given a single name that acts as a name for entire coll 
The individual elements of an array are accessed by their position, specified by one or more 
subscripts. One subscript is required for one dimensional array, 


and two subscripts, the 
first giving the row number and the second giving column number, are required for referencing 
matrix elements. 


ection of elements. 


An array also has a type, which is same as type of its elements. It is a homogeneous 
data structure in the sense that an array has all elements of Same type. Thus, we can 
have real, integer and String type of arrays. In BASIC, they are distinguished in the same 


way as simple variables, j.e., by the addition of a special symbol like % and § at the end 
of array name. 


7.2 DECLARATION AND ACCESSING 


In general terms, a declaration of an object consists of giving it anj 
and informing about its salient characteristics, J. BASIC, the simple v 
require an explicit declaration ; the first appearance of its name in som 
LET or INPUT) gives all necessary information about it to BASIC. It should be obvious 
that things will have to be different for arrays, which, beside name and type, also have other 
characteristics like number of dimensions and size of cach dimension. All the information 
about arrays to be used in Our program can be given to BASIC software by the use of DIM 
statement. The word DIM is an abbreviation of the word ‘dimension’, and quite suggestive 
of the purpose of DIM statement as we will soon see. Let us consider the following DIM 


dentifying name 
ariables do not 
e statement (e.g , 


statement : 
200 DIMA (100), Bs (18), C (10, 20) 


_ (104 ) 
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This statement defines three arrays named as A, B$ and C. By the way names are 
chosen, A and C are arrays of numeric elements, while B$ is an array of string elements. 
That means, each element of array B$ is to be a string of zero, one, or more characters. The 
names are followed by one or two integer numbers within brackets in the DIM statement. 
One number is specified for vectors and two for matrices. Thus, A and B$ are vectors or 
{-dim arrays and C is a matrix. The purpose of these numbers is to indicate sizes of arrays. 


The specification A (100) in DIM statement indicates that A has 101 (note that it is 


one more than specified) elements with their positions serially numbered as Opil 25. an2s , 100. 
Note that numbering of positions starts with zero and not the usual 1. Similarly, B$ (18) 
specifies array B$ to have 19 elements, their positions marked as 0, 1, 2, n... , 18. 


For matrix specifications, the two numbers within brackets specify rows and columns. 
C (10, 20) in the above DIM statement indicates that C is to have 11 rows (numbered 0, 1, 
Dif ese 10) and 21 columns (numbered 0, 1, .. ---, 20). Thus, the total number of elements in 
C will be 11x21 (=231). Upon encountering the DIM, BASIC sets all numerical arrays to 


Once the array has been declared, we can use its elements in computation and other 
statements. In fact, array elements can be used in all those statements where simple variables 
can appear, That is, during manipulations, an array element can be used much like a simpl o 
variable (which it essentially is). As mentioned earlier, we use the concept of subscripts to 
refer to individual array elements. 


A subscript basically specifies the position of element within the array. For the array 
A above having 101 elements, the subscripted reference. 
A(4) 
refers to the 5-th element. In general, the reference 
A(1) 
refers to the (I+1)th element of the collection: What is the maximum value the subscript 


variable I can take? Obviously, it is 100 in case of array A. Thus, the maximum subscript 
value is same as the integer specified in the array declaration. 


For array C, two subscripts are required to refer to an element in matrix C. Thus, 
C (4, 3) refers to the element situated in 5-th row and 4-th column. Here also, the maximum 
values fer the two subscripts wculd te tke corrcspording two integers in the DIM statcment. 


The subscripted variables can be used in other statements just like simple variables. 
The following examples give valid BASIC statements using subscripted variables (X is a simple 
variable and A, BS, C are arrays) : 
100 LET X=A (I) ¢ 2—C (I, 4) 
100 LET C (I+ 1, JJ=A (INT (SQRT (I* I—4)))+20:7 


Note: Here, the subscripts ere themselves expressions. Thus, a subscript, in general, may 
be a constant, a variable, or an expression that may even include functions, The 
important thing to note is that it should produce a numeric value within the proper 
range. If the value is not integer, it is rounded off to nearest integer. 
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100 READ A (1), Bs (1), C (1, J) 

100 LET B$ (1+ 1)="BOMBAY’-/B§ (1) 
100 PRINT Bs (I) ; C (I, J)+ 10, A (1) 
100 IF A (1) < C (I, J) THEN 400 


Although BASIC allows the subscript range to start from zero, it is advisable to 
assume as if it starts from one onwards, i.e., although the element positioned at zero 
(or, those in 0-th row and 0-th column in matries) is vhysically there inside the c 


memory, we do not make use of it. In our processing, then, the subscripts will ta 
from 1 onwards. 


“th place 
omputer’s 
ke values 


If an array is not declared but still used in other Statements, BASIC does not treat this 
as an error. It excuses us our omission and assumes the array to have pre-fixed (or, default) 
size. This default is usually 10. Thus, if we had the above example statements Without an 
accompanying DIM, then the effect or BASIC defaults is as if we had given 


DIM A (10), C (10, 10), Bs (10) 


Note that it finds out which is a vector and which isa matrix b 
used by us. Thus, for small arrays, declaration is not necessa 
programming practice to give all array declarations at the beginn 


y the number of subscripts 
Ty, However, it is a good 
ing of your program, 


7.3 FOR AND NEXT STATEMENTS 


We have already learned that most useful programs will contain scme 


form of a loop, 
With programs containing arrays, this is invariably so, 


The reason is simple. The elements 


Consider a simple example where we want to add u 
variable S. We first set S to zero, and to S, then, we add 
we may describe this as follows : i 


p the 100 elements of array A into a 
various elements of A. Tn BASIC, 


100 LET S=0 

105 REM INITIALIZE LOOP AND TESTING 
110 LET I=1 

115 IF I>100 THEN 150- 

120 LET S=5-+A (1) 

125 REM INCREMENT AND GO BACK 

130 LET I=I+1 

140 GO TO 115 

150 PRINT ‘SUM IS’; § 
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Here, the statement 120 is repeatedly executed for different values of I. The variable 

I takes successive values from Í upto 100. Since I is used as a subscript, the subscripted 
variable A (I) in statement 120 picks up different elements of array A for additions; i.e., 
it basically causes a scan of array A. The statement 110 initializes the scan, and statement 
130 set up for advancing it. The statement 115 decides whether the scan is completed. 
These 3 operations are fundamental to any loop which, in general form, is picturized as 
follows : 

initialize 

test for end of loop 

: (body) 
increment and go back 


This general form is exemplified by REM statements in the above program. 


The variable I, which varies in the loop, is called a control variable. The body of 
a loop consists of statements which are to be repeated for different values of the control 
variable. Note that, with arrays, we generally know the, number of times a loop is to be 
executed. 


BASIC provides a direct and readable way of setting up loops with control variables. 
The two statements FOR and NEXT are used for this purpose. Using them, a loop will look 
like : 


FOR statement 
: (body) 
NEXT statement 


Comparing this form with that given earlier, we can conclude that FOR will carry out 
initialization and testing to check for completion of repetition while NEXT will do incremen- 


tation and going back to repeat. 
Let us see how the task of summing array A will now look like : 


100 LET S=0 

110 FOR I=1 TO 100 STEP 1 
120 LET S=S+A (1) 

130 NEXT I 

150 PRINT ‘SUM IS’; S 


This program is exactly identical. in effect to the one given earlier that used 4 statements 
to set up the loop and indicated two transfers of control. With FOR, the solution is short 
elegant and gives all information about the loop directly (and does not leave the discover > 
of loop to the program reader). The words FOR and NEXT enclose the body of loop being 
repeated, 
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The general form of the FOR statement is as follows : 

FOR <control-variable>= <expr-1> TO <expr-2> STEP <expr-3> 

where expr-1 : is an expression giving initial value for the contro] variable, 
expr-2 : is an expression giving final value of the control variable, 
expr-3 : is an expression specifying increment. 


The control variable should be a simple variable (not a subscripted one). All the 
three expressions may produce positive or negative values. When expr-3 is negative, in 
effect, decrementation of control variable will take Place. When expr-3 is Positive, the loop 
will be repeated as long as the control variable is /ess than or equal to the final value 3; when 
expr-3 is negative, the loop is repeated as long as the control Variable is greater than or equal 
to the final value. Jf the initial value (expr-1) itself is larger than final value (expr-2) in 
case of positive expr-3, the loop is not even executed once (a similar criteria for Negative 
expr-3). 

Very often, the control variable is to be incremented by 1. In that case; 


we can omit 
the STEP <expr-3> part of FOR, and BASIC, by default, takes +1 for STEP. 


The NEXT statement has a simple form ; 
NEXT <control-variable> 


Its primary purpose is to demarcate the body of loop. The FOR and NEX 
just like a pair of brackets, are matched with each other. Which NEXT corre 
which FOR is decided by the control variables appearing in them (; remember that a program 
may contain many FOR-NEXTs). The actions carried out by NEXT are to increment 
control variable and go back to the final value testing dcne by FCR Slatarent. Nete that 
although the STEP is specified in FOR, actual Stepping is done at NEXT, 


T, acting 
sponds to 


Let us study some more examples of FOR. In each case, 
by the control variables, 
10 FOR k5=10 TO 20 
100 FOR X=0'0 TO 10°5 STEP Y/2 
40 FOR I=J TO K STEP L 
580 FOR F=10 TO —20 STEP =3 
600 FOR J =1+1 TO N—1 


you may list the values taken 


Note : Some BASICs have the word BY in Place of STEP, and some 


allow 
you can choose the one that sounds natural to you, both, so 


In Chapter 4. we had also talked about nesting of loops : 


: ee a loop contain; 
loop. A program may contain may disjoint loops as follows ; p ning another 


FORT au 

f | loop 1 
NEX Tisos 
5107, NES 

: | loop 2 
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Also, a body of a loop may itself contain a loop : 


OR I= 
body -| FOR J=... 
of outer | | body of inner loop 
loop | NEXT J 
XT I 


Two loops cannot intersect ; they may however (completely) be contained. Nesting of loops 
occurs very frequently with problems involving arrays (specially, matrices). 


Consider the problem of adding all elements of a matrix C having 10 rows and 20 
columns. A program containing two nested loops given below does the job : 
100 LET S=0 
110 FOR.I=1 TO 10 
120 FOR J=1 TO 20 
130 LET S=S+C (I, J) 
140 NEXT J 
150 NEXT I 
160 PRINT ‘SUM OF MATRIX IS’, S 
Note : It may frequently happen that two or mcre NEXT appear consecutively in 
the program, as it happened above in statements 140 and 150. Some BASIC 


versions allow their combining into a single NEXT statement with 2 or 
more control variables (in same order as in separate NEXTs) : 


140 NEXT J, I 
Thus, a single NEXT can be used to close many loops defined by FOR state- 
ments. 
With FOR-NEXT, a group of statements that forms the loop body acts as one unit 
doing some task for us. The loop comes to end when the final value is reached. However, 
within the body, some specific situation may require us to terminate the loop immediately. 


This is easily achieved by a GO TO or IF statement within the loop body that takes control 
out of loop. Thus, a loop may terminate naturally or forced to terminate. 


The body of loop is expected to make sense along with FOR and NEXT. Therefore, 
we must execute the body by starting execution at FOR. This means that we cannot transfer 
control from outside a loop into inside. Thus, the following program is incorrect : 


100 FOR I=... 
150 LET... 
200 GO TO 800 (VALID) 


500 NEXT I 
600 GO TO 150. (INVALID) 


800 
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To clearly demarcate the body of loop, 
body to right by a few places. 
constantly in writing programs. 


we shift the left margin of Statements in the 
This is called identation. We should adopt this practice 


The BASIC on BBC micro provides another structure for repeated execution, In the 
REPEAT—UNTIL structure, the body is repeated executed until the condition following the 
word UNTIL becomes true. Thus, in 


100 REPEAT 

110 I=I+1 
120 AM0 
130 UNTIL 1>100 


the statements numbered 110 and 120 will be repeatedly executed until I exceeds 100. 


74 EXAMPLES 
SORTING 


The sorting of arrays is a frequently Tequired operation. A large number 
à f j ofm 
are available for this, The method described here, called ‘bubble sort’, is simple to Ree 
but it is one of the least efficient methods. gig, 
Consider that we have two 1-dim arrays : 
R : Giving roll-numbers of students 
M : Giving marks obtained by. them. 


We wish to rearrange the data in descending order of marks. That is i 
kE » We wish to haye M such 


M (1) > M (2) > M(3)>...... 


Note that there is a correspondence between R and M : M(1) gives marks of 
M is rearranged, R should also be correspondingly adjusted. Saent R0). If 


To understand the method, consider data of two consecutive students, 
R(1)=25 M(1)=75 
R(2)=29 M(2)=80 


We see that M(1) and M(2) are out of order as we want M(2) to be | 
achieve this by exchanging values of R(1) with R(2) and of M(2) Sih Mit) toa We can 
R(1)=29 M(1)=80 


R(2)=25 M(2)=75 


say, 


Thus, whenever two consecutive elements of 
scan the whole array once doing this, the sm 
(convince yourself of this), The second time 
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are out of order, the next smallest will occupy last-but-one position in M. Successive 
repetitions will thus keep putting one element in its proper position at a time, If the array M 
contains 100 elements, we need to scan it 99 times to get M in sorted order It is easy to see 
that the program will contain two nested loops (one for scan and one for repeating scan 99 
times). 

The method is called bubble sort because the smallest element ‘bubbles’ down to the 
end of array, 

The complete program will be as follows. We assume that we will not have more than 
100 students’ data. 


100 REM PROGRAM TO ARRANGE MARKS 

110 DIM R400), M(100) 

120 PRINT ‘GIVE ROLL NUMBER AND MARKS’ 
130 FOR I=1 TO 100 

140 INPUT R(I), M() 

150 NEXT I 

160 FOR I=I TO 99 

170 REM WE SCAN M TO PUSH LOWEST TO THE END 
180 FOR J=1I TO 99 

190 IF M(J) > M(J+1) THEN 310 

200 REM DO EXCHANGE 

210 LET MI=M(J) 


220 LET RI=R(J) 

230 LET M(J)=M(J+1) 
240 LET R(J)=R(U+1) 
250 LET MJ-+1)=M1 
260 LET R(J+1)R1 

270 NEXT J 

280 NEXT I 


290 REM TO PRINT R AND M IN TABLE FORM 
300 PRINT ‘ROLL NO’, ‘MARKS’ 
310 FOR I=1 TO 100 
320 PRINT R(1), M() 
330 NEXT I 
340 STOP 
HISTOGRAMS 


It is rather a well-known fact that results presented in 


pictorial or graphical for 
much easier to understand than tables or lists of values, m are 
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Consider a multinational company having sales branches in many big cities. We could 
give to the sales manager a table giving names of cities and total sales reported there. Alter- 
natively, the same`data could be given as a histogram which quickly lets the manager know 
the relative performance of different branches. The histogram may look something like as 
follows : 

NEWYORK 210% e¥ i #0 koe eT 
LONDON * ë k * Ke * 
BOMBAY * Oe OR kK kK kK Kk kK OK kK Kk OK OK 
SINGAPORE RDS tat 
PARIS POR), RE See ee oki feel oe 
The number of asterisks in front of a city mame would be proportional to the volume of sales 


there, Let us write a program to print a histogram giving names of cities and values of 
sales, 


We have to first define a scale ; how much sales each asterisk represents? If it is, say, 
$5000 and sales at Singapore is $25000, then we should print 5 asterisks in front of Singapore. 


How to select the scale? Suppose that maximum of 50 asterisks can be accommodated 
on a line after printing the name of a city. Then, the scale should be such that the maximum 
of all sales values can fit into 50 asterisks, 


The program given below does the job. Its logic should be easy to follow due to the 
REM statements. 
100 REM HISTOGRAM OF SALES 
110 DIM Cs(100), S(100) 
120 REM WRITE HERE STATEMENTS TO INPUT DATA 
170 REM FIND LARGEST OF ALL SALES IN B 
180 LET B=0 
190 FOR I=1 TO 100 
200 IEB < S() THEN LET B=S(I) 
210 NEXT I 
220 REM FIND SCALE IN C1 
230 LET C1=B/50 
240 REM LOOP FOR PRINTING HISTOGRAM 
250 FOR 1=1 TO 100 
260 PRINT 
270 PRINT C$ (D; 
280 REM FIND NO. OF *§ REQUIRED IN J 
290 LET. J=INT (S(1)/C1) 


PBT ay 


ARRAY PROCESSING iN BASIC | 113 


300 REM LOOP TO PRINT *’S 
310 FOR K=1 TOJ 
320 PRINT * 3 
330 NEXT K 
340 NEXT I 
350 END 
EXERCISES 


In the following statement 

100 DIM A(5), B$(20), C(12, 6), D%(25), X$(5, 9) 

identify the names, types, dimensions, and sizes of declared arrays. 

Declare array(s) to store names of 20 states, and, for each state, names of largest 10 cities 
in that state. 

Use FOR and NEXT statements to 

(i) initialize all the 20 elements of an array A to zeros 

(ii) initialize a matrix B% of 5 rows and 7 columns to value —1. 
(iii) initialize all 10 elements of a string array N$ to blanks. 

(iv) initialize 3rd row of a 10 by 16 matrix T5 to a random number between 1 and 10. 

t) fill the 100 elements of an integer array C% with numbers 101, 102, 103....... 

(vi) initialize the diagonal elements of a 10 by 10 matrix to zeros. 

(vii) fill a 12 by 8 two-dimensional array N2% by the natural numbers (1, 2, 3,.-....) ina 

column by column fashion. 


Write INPUT statements to read the data for array(s) in Exercise 2 above. 


Given a list of supplier names and their delivery periods, 
(i) how would you supply the input data if (a) the number of suppliers is known in 
advance, or (6) the number is known only at the time to program execution. 


(ii) write a program to list suppliers with delivery period less than one week. 


Given a real matrix of size 15 by 15, write a program to find a row or a column that 
contains maximum number of zeros. Use additional arrays if necessary. The output, 
for example, may be 

ROW 5 HAS 6 ZEROS or 


COLUMN 3 HAS 7 ZEROS 


giving row or column number and the number of maximum zeros found in it. 


Design a computer representation for the game of chess. The 8 by 8 chess-board as well 
as the white and black pieces must be suitably represented. How will you initialize your 


representation for a given chess game position? 
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8. For the chess representation selected by you, write a program segment to 


9 


10. 


@) find the black piece under attack by a white rook placed on the white’s K4 position 
(4th square in the king’s column). 


(ii) find the black pieces attacking the white rook placed as above. 


The playing board of the Snakes-and-Ladder game is a 10 by 10 board, where its 
100 squares are numbered serially from 1 to 100. The squares can be grouped into the 
fcllowing 3 types : 


(i) Snake square, from where a snake begins and takes the player reaching that square 
to a lower numbered square, 


Gi) Ladder square, from where a ladder begins and takes the player to a higher 
numbered square, and 


(iii) Ordinary square, which is none of the above. 


How will you represent such a board on a computer ? 


The Snakes-and-Ladder game may be played by 2 or more persons using a six-faced 
dice. All players begin on square 1 and move by steps as per throw of the dice. If 
they land onto a snake or ladder square, they are forced onto a new position as defined 
by the board. A player reaching the 100th square first is the winner, 
program to play this game with a person. It must accept the 


Write a computer 
Togra ie ie f: person’s dice throw, gi 
him his new position, and similarly output its own move, peas 


8 


SUBPROGRAMS AND OTHER FACILITIES 


8.1. INTRODUCTION 


In this lesson, we introduce you to one of the most important mechanism in pro- 
gramming. It is basically a mechanism for controlling flow of execution. Itis called by the 
name subprogram mechanism. It permits us to write a group of statements as performing some 
meaningful task, and allows us to execute that group from any place and any number of times 
in the program, ‘The subprogram mechanism is an extremely useful one. Although the 
facilities in BASIC in this regard leave much to be desired, we should still exploit them as 
much as possible. Section 8.2 will introduce the two types of subprograms, called functions 
and subroutines, and give many examples of their use. 


The processing of character data, i.e., texts, has become an important application of 
computers. For example, a program itself is a text, and a compiler has to act on it for 
translating it to machine language. Other important applications are machine traslations, 
cryptography, text editors, and question-answering systems. The special-purpose computers, 
called word processors, have become very popular in the last few years. They -are basically 
text editing machines. BASIC provides only rudimentary facilities for processing string or 
character data. They are mostly by way of built-in functions. In Section 8.3, we introduce 
these functions and illustrate string processing in BASIC through examples. 


The miscellaneous BASIC facilities that have not been introduced so far are introduced 
in Section 8.4. They are quite useful in some programming situations. Finally, in the last 
section, we will see some important BASIC commands. A few commands were seen earlier in 
Section 5.6. So, this section is really a continuation of the earlier section. 


8.2 SUBPROGRAMS 
8.2.1 THE CONCEPTS AND ADVANTAGES 


We have already seen the built-in-functions such as SIN and INT, and frequently used 


them in our programs. Consider a statement such as 


100 LET Y=SIN (X)+0712 
In the BASIC software, there would be a program to calculate sine of any angle. In the 
execution of the above statement, that program would be automatically initiated, and it will 


(115) 
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be supplied the current value of X toactupon. After completing its work, the control of 
execution will come back to the above statement with a value that is sine of X. This value is 
then used in further evaluation of the expression on righthand side of the LET statement. 
This simple facility embodies a large number of advantages : 


(i) the details of how sine is computed are hidden from us, and hence they do not 
distract our attention while writing and reading the program. : 


(ii) the same sine program can be used any number of times without -duplicating it 
every time it is used. 


(iii) the sine program is initiated automatically whenever its name appears within an 
expression and, also, the control is automatically returned to the place from where it was 
initiated. The call to the program and return from there are both implicit. 


(iv) the same program can act on different inputs at different times through the 
mechanism of parameters. 


(v) a built-in function always Hs one result value that can further be used in 
expressions. ; 


The concept of a built-in function can be pictorially represented as follows : 


| 
100 LET wr (X)-+0'12 pre-written program to do 


a specific computation 
(e.g. SIN) 
| 
L a 
The solid arrows indicate flow of execution, 
of parameter values to the function’s program. We 
(pre-written, in this case) sine program because it acts as 


The dotted arrow indicates passing 
use the term subprogram for the 
subordinate to our main program. 
The advantages listed above are so important that there is no reason why they should 
be available only to the built-in functions. The built-in functions are provided in a language 
to serve a large number of users. One may, however, wish to write new functions for his own 
requirements. Such functions are called user-defined functions. For them also, we will like 
to get the same, advantages as above. The only difference would be that, instead of a pre- 
written program, we will have to develop our own program for the function ; ie., now we 
have to define our functions and then use them in our program. 


Certain conventions have to be followed in defining a function : 
(i) choose a suitable name for it, 
(ii) indicate the number and types of parameters it will accept, 


(iii) write the statements that will produce the result required from the function, and 
(iv) indicate when it has finished its job. 
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The BASIC language has fixed conventions for each of the above, any they will be 
introduced shortly. 


The concept of a function is restricted 
(i) to return one and only one value, and 


(ii) to be used in expressions, i.e., a function is always invoked through the appearance 
of its name within an expression. 


These restrictions are important to understand. They are quite natural with respect to the 
word ‘function’ which is really a mathematical term. 


In certain situations, however, one may want to write a subprogram that returns many 
values (or, none at all) and, still, some of the advantages listed earlier may be desired. For 
example, the operation of sorting an array may be required frequently in our program. We 
may write a subprogram to sort an array. It would then return us an array and not a single 
value. In writing the main program, we should simply invoke the subprogram, without 
bothering how the task is done by the subprogram, as long as the task is done correctly. Thus, 
not only the subprogram can be used many times from different places in the main program, 
we are also not distracted by the details of its operation. Á 


The subprograms that may return any number of values are called as subroutines. They 
obviously cannot be invoked through an expression, because operands in an expression are 
always single-valued quantities. Thus,.a different mechanism is required for invokation of 
subroutines. 


Both functions, and subroutines are very useful in step-by-step development of programs. 
Acomplex program can be broken into subtasks, cach of which could be independently 
developed and tested as a subprogram, and which would be less complex than the original 
program. By restricting our attention to a well-defined subtask af a time. we would be in a 
. better position to produce correct programs. 


8.2.2 DEFINING FUNCTIONS 


The user-defined functions in BASIC have 3-letter names, of which the first two must 
be FN. Thus, one can have at most 26 functions within a program. For example, FNA, 
FNP are function names. The value returned by functions named in this manner must be a 
numeric value. 


One can also define a function that returns a string value. The names of such functions 
consist of 4 characters, of which the first two must by FN and the last $. Examples: FNR$, 
FNG$. It may be noted that a string function may have numeric arguments and vice-versa, 5 


While defining the function, we are required to indicate the number and type of 
arguments it will accept. This is done through the use of dummy parameters. A dummy 
parameter is basically a dummy variable used in the statements that carry out the function’s 
task. When we later invoke the function, we haye to supply the actual parameters on which 
the statements are to act. Thus, the concept of dummy variables permits us to define 
function without tying it down to specific variables. Once defined, the function can then at 
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executed on the desired actual parameters. We can imagine the BASIC software to actually 
replace the dummy parameters by the actual parameters, and then execute the function 
subprogram. 


The dummy parameters are listed within parentheses immediately after the function 
name in the DEF statement of BASIC. The purpose of DEF statement is to define a new 
function. 


BASIC permits definition of two types of functions. In the single-line functions, a 
function consists of only one line. Such functions can be used for introducing a short-hand 
notation for frequently occurring complex expressions. ‘Their power and, therefore, use is 
quite limited. The other and more general type of function is the multi 
it may contain many lines or statements. Here, a function can be 
substantial and purposeful task. 


-line functioti, where 
designed to do quite 


Let us first consider the single-line functions, Assume that 
frequently need to compute the expression 


b3—4 a.c 
and also P?—4 q.r 
Note that both expressions have same form ; only the variables involved are different. We 
could define a function to compute the above expression as 
100 DEF FNE (X, Y, Z)=X*X—4*Y*7, 


, in oup program, we 


and call it by 
FNE (B, A, C) 
and FNE (P, Q, R) 


whenever it is required to make the two computations listed earlier, 
of a statement containing the call would be 


300 LET Al=SQRT (FNE (B, A, C))(2 * A) 
Thus, the call itself occurs in another expression, 


respectively. An example 


Here, FNE is the name of the fu 


nction, and its job is defined in terms of 3 dummy 
parameters X, Y and Z. When a call į 


is made, which consists of function name followed by 
actual parameters listed within brackets, a correspondence by position is established between 
dummy and actual parameters. The dummies and actual p 


and type. In the first call, for example, B, A and C will be corresponded respectively with 
X, Y and Z. The function will be execu if i i i 


purpose is only to let us define functions that can act o 
replacement of dummies, the expression in function d 
passed for use in the calling statement. 


It is important to note that every variable used in the expression in DEF statement 
need not be a dummy. Consider, for example, the function definition below: 


100 DEF FNQ (A, B)=(A*S—B/2 + D 
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Here, D is not a dummy, as it is not listed in the brackets immediately following function’s 
name. It is an ordinary (and actually existing) variable of the program, whose current value 
will be used whenever FNQ is called. As it is not a dummy, it will not be replaced. 


The actual parameters in a call can. in general, be constants, simple or subscripted 
variables, or they can themselves be expressions. An actual parameter cannot be name of 
an array. The dummies, on the other hand, can only be like simple variables. The expression 
defining a function in DEF can itself contain calls to other functions (but not to itself). 


The single-line functions can be defined at any place in our program. However, it js 
a good practice to put all definitions at the start of a program for their easy visibility. 


As an example of multi-line functions, let us try to write a subprogram to evaluate 
factorial of a positive integer number. The factorial of number n is equal to the product. 
1x2Xx3X...Xn 


The factorial of zero is defined as 1. It should be obvious that this task cannot be . 
by a single-line functions. achieved 


A multi-line function for factorial can be written as follows : 


100 DEF FNF (N) 

110 IF N > 0 THEN 140 

120 LET FNF=1 

130 GOTO 180 

140 LET FNF=1 

150 FORI=1 TON 

160 LET FNF=FNF*1 

170 NEXTI 

180 FNEND 
Note the change in DEF statement : the symbol=and expression is missing. Its purpose, 
now, is to simply indicate beginning of the function definition. It still gives function name 
and dummy parameters. 

The FNEND statement is used to indicate the end of definition. This is now obviously 

required for BASIC to know when the definition of a multi-line function gets over. ` 


When the function is invoked, FNEND also acts as a point of return to the calling state- 
ment, In fact, DEF and FNEND enclose the body of function being defined. 


y statements are required to do the job. The question now is: 
how do we pass back the result, or, in fact, which is the result? The problem is solved by 
using name of the function as a variable ; whatever value it finally has is passed beck as 


the result, In the above example, FNF is used as a variable within the body of function 


FNF. 


In this function, man: 
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The body of a function must be treated as a single unit; it is incorrect to transfer 
control of execution to any statement within body from any place outside the function 
definition. Thus, the following : 


300 GOTO 140 
in not a valid statement as line 140 is within the definition of function FNF. 
All other rules for the multiline functions are same as before. 


Using the above definition of FNF, we can compute the number of ways of taking out 
3 balls out of 5 given by 


5! e A 
316-3! (where ! is a symbol for factorial) as 
200 LET Q=FNF (5)/FNF (3)/FNF (2) 
In the definition of FNF, N is a dummy variable, but I is an ordinary program variable, 
If we also use 1 outside the FNF, then they are really the same. This requires us to be 


careful in selection of names for quantities whose purpose is purely local to a function, as is 
the case with I here. 
(For example, the use of FNF in the following manner is wrong : 
300 FOR I=1 TO 10 
400 PRINT FNF (1) 
500 NEXT I 


because the variable I here conflicts with that in FNF and consequently gets disturbed.) 


As a matter of good Practice, all multiline function definitions should appear either at 
Start or end of a program, although BASIC places no restrictions on this. 


8.2.3 SUBROUTINES 


point of invokation. 


There is no specific statement that identifies the be 
the DEF for functions). The block of statements fo 
statement called GOSUB that has the form 


ginning of a subroutine (like we had 
mng a subroutine is invoked by a 
<line-number> GOSUB <line-number> 
For example, one may have 
200 GOSUB 520 


In this case, the subroutine is considered to Start at line numbered 520, The control of 
execution now passes to that line, This line may be any valid BASIC Statement, From 
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520 onwards, the program execution proceeds in normal fashion until a statement of the 
following form : - 
<line-number> RETURN 
say, 
800 RETURN 


is encountered. This statement is considered to terminate the subroutine execution, and it 
causes the control of execution to g0 back to the statement that immediately. follows the 
GOSUB statement. Pictorially, the effect is as shown below : 


——200 GOSUB 250 

| 

| 210 LET «++ “a 
invoke non 


return 


800 RETURN——~ 


Although BASIC’s facility is primitive, we should use it in a disciplined manner if we. 
are interested in writing correct and well-structured programs (which we should be). We can 
start every subroutine with a REM statement that explains its task. Secondly, the statements 
forming subroutine body should be treated as an unviolatable unit (just as function bodies 
are), and we should not pass control to any of its statement from outside. 


It should be apparent that in absence of parameters, the statements of a subroutine 
will always act on a fixed set of quantities (variables or arrays). 


In programming problems, the situation in the problem itself will indicate whether a 
function or subroutine subprogram is required. Still, one could easily write a subroutine as a 
function, returning some meaningless value to be discarded. In BASIC, an advantage of 
doing so would be the availability of parameter facility. A function can also be written as a 
subroutine, because it is only a special case of the latter. 


We will consider a number of function and subroutine examples in Section 8.4. 
8.3. STRING PROCESSING FUNCTIONS 
In handling string or textual data in our programs, the types of operations we would 
like to do on them will be 


assignment for creating variables having string values, 


comparison of strings, 
.- concatenation for putting (or, joining) strings together, 
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extract a part of a string, 
replace a part of a string by another, 
search a string to see if contains a specific pattern 


(i.e., some another string), 
obtain length of a String. 


The first three are directly provided in BASIC (see Chapter 5). 
BASIC has a number of built-in functions. We will study them 
LEN built-in function from Chapter 5 that g 


For helping us with others, 
in this section. Recall the 
ives us the current length of its parameter string. 


For the purpose of extracting a part of a string, we have the following 3 functions : 


LEFT$ (X$, I) : It extracts and returns the leftmost Part consisting of I characters from 


the string X$. If value of X$ were, Say, the string ‘COMPUTER’ and 
we used LEFTS(X$, 4), the result returned would be the string ‘COMP’, 
Thus, it extracts the first I characters. i 


If I is zero, it returns a null string. If Lis greater than LEN (X3), 


then 
whole of X$ is returned. 


RIGHT$ (X$, I) : It extracts and returns I characters from the right end of Xg, For the 
earlier X$, the call RIGHT$ (X$, 3) returns ‘TER’, 


MID$(X$, I, J) : It extracts and returns a 


The call MID$ (X$, 4, 3) will give us the s 
value of X$, If X$ contai 
returns substring from p 
than LEN (X$), it returns a null string. 


rs from place Jat 


MIDs (X$, 1) 


This is a variation of above with J absent. 


It extracts a Part starting 
from I-th position upto the right end of X$. 


All the three functions above have names ending in the symbol $ because they all 
return string values, Any stri i 


i t n be given in place of X$, and arithmetic 
expressions in place of I and J. 
A function called INSTR is available for 
contains another string Y$. It is written as 
INSTR (Xs, Y$) 
If Y$ is indeed contained (wholly) in X3, from where X$ 
starts. If Y$ is not found in X$, it returns a zero value. The search here fo 


r Y$ starts from 
position Í in X$. We could force the search to start from a different place Say, 1, by using 
the following variation of this function ; 


INSTR (I, X$, Y$) 
Note that the INSTR function returns a numerical value. 


Searching a string, Say, X$, to see if it 


then it returns the place in X$ 


The function 
SPACE $(I) 
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returns a string of I spaces. It can be useful in obtaini i RENA 
7 ing desired spacin i 
quantities. pacing in printed 


There are two functions STR$ and VAL which can be used for converting numbers 
from internal (binary) to character representation and vice-versa. We had mentioned earlie 
that a numerical constant such as 31742 is not same as-the string constant ‘31742’ because a 
different representations. Given the former, we can obtain the latter by using the STR$ 
function as STR$ (31742). Its general form is STR$ (I). The VAL function, e.g., VAL 
(‘31742’) does the otherway conversion. These functions are useful in processing of tee that 
contains numeric information to be manipulated arithmetically. 


Finally, the two-functions ASC and CHR$ are provided to find numerical equivalent 
of ASCII codes of characters and vice-versa. The ASCII code uses 7 bits for representin 
symbols. These 7 bits represent a number in the binary system. For example, the code ne 
letter T is 1010100, which is 84 in binary. The ASC function gives ASCII code of a letter : 
e.g., ASC(‘T’) will give us 84. The CHRS? on the other hand, gives the symbol for a arin 
ASCII code. Thus, CHRS (84) gives us ‘T’. Another example: CHR$ (34) gives us the 
quote symbol. 


BASIC does not have a function to replace a part of a string by another ; however, we 
can easily define it ourselves using the other functions. 


8.4 EXAMPLES 
FINDING ROOT OF AN EQUATION 


A polynomial of the form 
S()=anx" 4an x" 1+......-a1x-+40 


is said to have a root at xı if f (x1), ie. substituting ~1 for x above, gives f(x)=0. In 
solving mathematical problems, this is a frequently required task, and hence we will write a 
function to find a root of f(x). For this, we will use a method called Newton-Raphson 
iterative method. 

In this method, we start with a guess at the root. It may be quite arbitrary. Let the 
guess be xo. We improve on this guess by obtaining a better approximation towards th 
root using the following formula : © 

f (xo) 
x1=xX0—- FR 
So) 
where x1 is the new approximation and f’ (xo) represents the value at xo of the derivative 
df i Using the same formul i i i F 
{4 of function f(x). f rmula again and again, we will be moving closer 


and closer to an actual root. We can stop when the new approximation is very close (sa 
within 0.0005) to the previous approximation. y, 


The two functions f (x) and f’(x) can be defined as single-line functions, and a multiline 


function can be written to find the root. 
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For the purpose of our program, let 
f (x) =x8 — 1x24 4x8 
Then, ries 
Ff? (%)=3x2—14x4-4, 
The program to find a root of f (x) is given below : 
100 REM FINDING A ROOT USING NEWTON-RAPHSON METHOD 
110 DEF FNF (X)=X f 3—7*X*X+-4*X18 
120 DEF FND (X)=3*X*X—14*xX+44 
125 LET X0=20 
130 LET R 1=FNR (X0) 
140 PRINT ‘THE ROOT IS’ ; RI 
150 STOP 
160 DEF FNR (X) 


170 REM X IS OLD AND Y IS NEW APPROXIMATION 
180 LET Y=X—FNF (X)/FND (x) 
190 IF ABS (Y—X) < 0.0005 THEN 220 
200 LET X=Y 
210 GO TO 180 
220 LET FNR=Y 
230 FNEND 
240 END 
Note that the parameter to FNR is the initial guess. We 


n j : could have made the guess 
in FNR itself and written it as a function without any parameters. FNR itself calls the two 
other functions FNF and FND defined as single-line functions, 


It is interesting to note that the same program 
other equation ; we only need to modify FNF and 
modifications required for finding square root of 17? 


can be used for findin 


g a root of any 
END definitions, 


Could you give the 
NUMBERS IN WORDS 


In most money transactions, e.g., on cheques, we mention the amount both in words 
and as a number. In job applications also, one does the same for data of birth, Era 


In the present example, let us assume that we are given a dollar amount in variable D, 
Further, let D be less than $100,000. Our task is to put the amount in words, For example, 
if D is 10475.60, then we should print out the following : 


DOLLARS TEN THOUSAND FOUR HUNDRED SEVENTY FIVE AND CENTS 
SIXTY ONLY 
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In general, the value of D can be imagined as follows : 
dı dz dg dads . de dz 
where each d stands for a digit. We can divide D into 4 parts : 


dı dz giving thousands parts, 

d3 giving hundreds parts, 

ds ds giving within hundred parts, and 
de dı giving cents part. 


Each part can be treated separately to obtain its/ equivalent in words. We then only have to 
add words like THOUSAND, HUNDRED and CENTS to those parts at proper places. 


Let us first concentrate on developing a subroutine which takes a 2-digi 
G x 5 -digit numi i 
and returns its word equivalent in A$. 3 5: ber in N 


If we write all numbers between 1 and 99, we would see a pattern for numbers from 20 
The first digit can be used to select one word out of the following : j 


TWENTY, THIRTY, tune NINETY 


and the second to select one from 
ONE, TWO,...NINE 


If the second digit is zero, no word need to be added from the second list. 


The numbers below 20 are all peculiar, and depending on value of N, we 
word from the following list : ioe Ties 
ONE, TWO,..- TEN; ELEVEN, --.EIGHTEEN, NINETEEN 


Let us define two arrays to store the list of useful words. The array W1$ should i 
words between ONE and NINETEEN and the array W2$ should contain the words TWENTY. 
THIRTY..., NINETY. Let us assume that these two arrays will be declared and initi Re 
the main program (could you write the DIM, and READ and DATA statements fi 3 m F 
The subroutine can now be easily developed. Its main steps would be : Op this’2)) 


(i) IFN < 20 then A$=W1$(N) and return, 


(ii) Extract the two digits in N as DI and D2. 
Gii) If D2=0 then AS=W2s (D1) else AS—W28 (D1) +W1$ (D2) and return. 


Coming back to the main task, we will have to call the ; 
of D. For aie it will be necessary to extract the 4 parts, sa’ in (Sena part 
and D4. How do we do this extraction? We will illustrate this for the cents , D2, D3 
steps would be : part. The 
(i) remove fractional part from D using INT function ; 
LET X=INT (D) giving X= 10475 
(ii) multiply D by 100 to make it a whole number 
LET Y=D*100 giving Y= 1047 
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(iii) multiply X by 100 giving X=1047500 
Gv) subtract X from Y to get D4 as 60. 


Once the procedures for the subroutine and extracti 

Š 3 3 Taction of ‘ 5 
task is fairly straightforward. The complete Program appears hed Pee food, the mam 
been left out for you to complete, W. Some parts of it have 


100 DIM Wis(19), W28(8) 


200 INPUT D 

210 REM EXTRACTING 4 
220 LET X=INT(D) 

230 LET D4=INT (D*100)—x*{99 
240 REM EXTRACTING D3 FROM x 
250 LET Y=INT (X/100) 
260 LET D3=X—Y*100 

3 (similarly for D2 and D1) 

350 LET D§=‘DOLLARS’ 

360 IF D1-=0 THEN 390 

365 LET N=D1 

370 GOSUB 1000 

380 LET D$=Ds-+ As+ ‘THOUSAND’ 

390 IF D2=0 THEN 430 

400 LET N=D2 

410 GOSUB 1000 

420 LET D=D$+A$-++‘HUNDRED’ 
430 IF D3=0 THEN 470 

440 LET N=D3 

450 GOSUB 1000 

460 LET D$=D$+-A$ 

470 IF D4=0 THEN 520 

480 LET D§=Ds+‘AND CENTS’ 


PARTS OF p > FIRST THE D4 
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490 LET N=D4 
500 GOSUB 1000 
510 LET Ds=D$+ A$ 
520 LET Ds=Ds+‘ONLY’ 
530 PRINT Ds 
540 STOP 
1000 REM SUBROUTINE TO PUT N IN WORDS IN A$ 
1010 IF N < 20 THEN 1090 
1020 REM EXTRACT TWO DIGITS OF N IN D5 AND D6 
1030 LET D5=INT (N/10) 
1040 LET D6=N—D5s10 
1045 LET D5S=D5—1 
1050 LET AS=W28 (D5) 
1060 IF D6=0 THEN 1080 
1070 LET AS=A$+ W1$(D6) 
1080 RETURN 
1090 LET A$=W1$ (N) 
1100 RETURN 
1110 END 
We should make it a standard practice to check the validity of data supplied to 
our programs. This will prevent them from behaving unpredictably or giving nonsense 
results. For instance, the above program does not check whether value of D supplied to it is 
within the assumed limit, or even whether it is negative. As an exercise, add Statements to the 


above pregram to validate D and give suitable error message, if required. Further, what 
would it print if D is zero ? Can you modify the program to print DOLLARS NIL a 


were zero ? 


Your BASIC may not be able to handle very long strings. In that case, the output 
variable D$ could be printed in stages. p 


8.5 PROCEDURES AND FUNCTIONS ON BBC MICRO 


The BBC microcomputer offers more extensive facilities for subprogram definiti 
It offers GOSUB as described earlier ; however, the facilities for functions are slight] aac 
from those described ir Sec. 8.2.2. The important points to be noted for multiline. P ferent 
are as follows : unctions 


(i) The dummy or formal parameters are considered to be local to the function i 
sense that their values are not known outside the function. The other aea a Eo 
able, which 
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ate global, are known throughout the program and also in subprograms. One should generally 
name dummy parameters differently from other variables to avoid any confusion. Even when 
named similarly, they are distinct. 


(ii) Additional local variables can be defined for a function when we want their identity 
and use to be restricted only to the function. 


(iii) The function name is not treated as a variable for sending its result back to the 
. place of calling Instead, the result is returned by a variant of assignment statement whose left 
` hand side has no variable name. It also. acts as return point from the function execution. 
The function FNF illustrated in Sec. 8.2.2 can be rewritten for BBC BASIC as follows: 
100 DEF FNFACT (N) 
105 LOCAL I 
110 IF N > O THEN GO TO 130 
120=1 
130 I=1 
140 REPEAT 
150 I=I*N 
160 N=N—1 
170 UNTIL N=1 
180 =I 


The procedures of BBC BASIC are more in tune with the 


5 of ; modern programming 
languages. They are like its functions with the following differences : 


(i) They are not called (i.e., invoked) from an expression, but their name is directly 
used as a statement by itself. 


(ii) They return the results, if any, through dummy parameters, 


Eo They endin the statement ENDPROC. The procedure names start with letters 


As an example, consider the following example : 
100 DEF PROCPOWER (A, N, B) 
110 REM TO OBTAIN IN B N—TH POWER OF A 
120 LOCAL I 
130 LET B=1 
140 FOR I=1 TON 
150 LET B=B*A 
160 NEXT I 
170 ENDPROC 
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To get Sth power of X in variable Y, the above procedure will be called as follows : 
50 PROCPOWER (X, 5, Y) i 


8.6 MISCELLANEOUS FACILITIES 
ON——GOTO STATEMENT 5 


The GOTO statement, we have seen, transfers control to another statement uncondi- 
tionally. A variation of this is provided for a conditional multiway branch. Consider the 
statement. 


050 ON I GOTO 100, 200, 300, 400 


There are 4 line numbers specified after the word GOTO and there is the phrase ON 
I preceding it. I is a program variable. The action of this statement is to transfer control to 
one of the 4 line numbers “depending on value of I. If Tis 1 then control goes to 100, I is 2 
then 200, etc. If I is zero or greater than 4, control is not transferred but proceeds i 
to next statement. Any Arithmetic expression could have been written in place of I. If its 


value is fractional (e.g.5-5:7) then it is rounded off (to 6). 


ON——GOSUB STATEMENT 
This is a similar generalization, as above, of the GOSUB statement. Its formatis 


ON < expression > GOSUB < list of line numbers > 


The above two variations are typically useful in situations where the value of expression 
e corresponding to which the data are to be processed differently. For instance, 


represents a cod 
loyees represented by the following codes : 


we may have different types of emp 
1 : hourly paid employees 


2 : project staff (employed by contract) 


3 : permanent employees 


The rules of payroll for each category may be different. Using the above statements, we can 
transfer control to appropriate part of our program depending on value of employee code. 


ON ERROR STATEMENT 


Various kinds of errors may occur during program execution. Usually, they cause 
termination of the program along with an appropriate message. In some situations, we may 
not want the program to be cancelled, but would like to take acorrective action in the pro- 
gram itself, For this purpose, we cam inform the BASIC software to ‘transfer control of 
execution to a particular place in,our program ifan error (of any kind) takes place. For 
example, J 


060 ON ERROR GOTO 2000 
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says that upon encountering an error, execution is to be transferred to line 2000, From that 
line, we can then write statements necessary to apply acorrection. This part is usually called 


error-handling routine. The ON ERROR statement may appear anywhere, but is usually 
given at the beginning. 


Generally, we would also like to know what is the actual “error that was encountered. 
For this purpose, the BASIC software may supply us (probably through a built-in function or 
a standard, reserved variable) the error code, whose meaning can be found in system manuals. 
Usually, in this respect, things differ very much from one computer to another, 


For example, in BASIC available on APPLE computers, the errcr code is available iu 


a fixed memory location (address 222). The code can bè obtained in some variable, say, El, 
of our program by executing the statement. 


100 LET E1=PEEK (222) 


where PEEK is an in-built function for accessing contents of memory locations identified by 
their addresses. After this, we can check the value of El in our program to take the desired 
corrective action. In the BASIC supplied by Microsoft, there are two reserved variables called 
ERR and ERL. The ERR gives us the error code and the ERL gives us the line number in 


which the error occurred. One can directly use these variables in other program statements ; 
for example ; 


IF ERR=6 THEN... 


Incidently, the codes of errors differ from one BASIC to another. One microsoft BASIC, code 
6 indicates overflow error, code 9 means that subscript values are beyond the bounds of ae 
and code 62 means an attempt tc read a file beyond its end. The Microsoft’s recent ieee 
of BASIC also includes facilities for used-defined error indications (e.g., code 240 to ea 
that hours-worked by an employee are negative) and taking actions on them (e.g., giving error 
messages) by using ON ERROR statements. a 


8.7 ADDITIONAL BASIC COMMANDS 


In Chapter 5, we studied some important BASIC commands like RUN NEW 


z $ and 
LIST. We will present some more useful commands in this section. 


AUTO :, This command can be used to let the system itself generate line numbers for 


our statements as we type them in.. We can give the initial line number 
and the increment required, e.g., as in 


AUTO 200, 10 
The command thus reduces our typing work. 


RENUM or RESEQUENCE :This command can be used to renumber the lines of 


our program or a part of it. We can specify the new starting number, the 


old line number rom where i i 
re the renumbering is to start and the incr 
ee g art, a crement. 


RENUM 100, 900, 10 


DELETE : 


SAVE 


KILL : 


NAME : 
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starts renumbering from old number 900 and numbers the old lines as 100. 
110, etc. The statement ‘ 
RENUM 100, 10 


will renumber the whole program. 


It may be noted that the line numbers which appear in GOTO. GOSUB 
and IF statements are automatically changed to conform to new line 


numbers, 
While modifying a program, we may wish to delete certain lines Cay, from 
200 to 250). This is easily done by 

DELETE 200-250 


while 
DELETE 200 


will only delete line numbered 200. 


Note that no command is provided for insertion, as this is automatically 
done by using proper numbers for our lines. 


Once a program is entered and tested. we may preserve it on secondary 
storage device (disk or floppy) by using the SAVE command. In the 
process. we also give it a name using which the stored Program can later be 


recalled. For example. 
SAVE NLS 


will save the current program in memory (i.c.. Whatever we typed from last 
NEW) on disk under the name NLS (the name will have to be constructed 
according to specifications of your operating system). This command will 
also have facilities for selecting a specific disk or floppy drive for saving. 


A sayed program can be deleted from secondary Storage by using this 
command. For example. 
KILL NLS 


The command can also be used as a statement. It can be used for any file 
whether it contains program or data. k 
Using this command. name of an earlier saved file can be changed to 
another name ; as example : 

NAME UKL. AS NLS 


where UKL was the old name. 
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LOAD : 


MERGE : 


The LOAD command can be used to bring in an earlier saved program for 
its subsequent execution. For example, 


LOAD NLS 
brings NLS from disk into main memory. 


A saved program, say, named NLS, may be used as part of another pro- 


gram. The program currently in memory can be merged with NLS by the 
simple command. 


MERGE NLS 


The various statements in NLS will be added to the current program as if 
we had typed them a fresh (thus, if the current as well as NLS contain line 
numbered as 100, that of the current will be replaced by the line 100 in 
NLS). ` 


: Your BASIC system may contain some more commands. But the above ones are the 
more frequently used. Also, there may be some differences in form and meaning of the above 


commonds. 


EXERCISES 


1. In the following statement 


200 DEF FNR (X, Y)=(K+Y)/(K * Y) * D/X 


identify function name and dummy parameters. Which of the following statements make 
a valid reference to the above function, and in each such case, give computation performed 
by the function. 


2. Argue about the importance of dumm 


100 COMPUTE FNR (A, B) 

100 LET B=FR (X, Y) 

100 LET B=FNR (X, Y)+FNR (Y, Y) 
100 PRINT FNR (A, B) 

100 GOSUB 200 (A, B) 

100 LET C=FNR (X, FNR (B, 40.7)) * 3 


y parameter facility for functions and sub-routines. 


What is the purpose served by DEF, FNEND and RETURN statements. 


3. Write a function to simulate rolling of a dice. The function s 
between I and 6. 


hould return a random value 


4, The Indian game of ‘Choupad’ is played using 6 cowries (a kind of .a sea shell), The 
cowries are thrown to get a number for moving a piece. A cowrie may fall with its face 
up or down. The points are counted as follows : 


points 10 : if 1 up and 5 down 


6: if all down 
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12: if all up 
25: if 5 up and 1 down, 


otherwise points equal number of up cowries. 
Write a function to simulate a throw of cowries. 
5. Write a subroutine for the problem in Exercise 4 above. 


6. Write a subroutine to divide 2 integers and to obtain quotient as wellas remainder (so 
calculated as to have same sign as divisor, e.g., 10/3 gives remainder 1, and 10/(—3) gives 
remainder —2). Can a function be written for this task. 


7. Use the subroutine tor Ex. 6 above to factorise a given integer (¢.g., 90 as 2x 3x3x 5). 


8, A palindrome is.a string which reads same forward and backward e.g., ‘gog’. Write a sub- 
routine to form palindrome of a given string by appending it with its reverse. 


9. Write a subroutine to print a given message at the centre of a line, Use this subroutine 
to print the following lines : 
KNOWLEDGE IS NOT SOMETHING 
TO BE PACKED AWAY IN SOME CORNER 
OF OUR BRAIN, 
| BUT WHAT ENTERS INTO OUR BEING, 
COLOURS OUR EMOTION, 
HAUNTS OUR SOUL, 
AND IS AS CLOSE TO US 
AS LIFE ITSELF. 
DR. S. RADHAKRISHNAN 


You may use the built-in-function SPACE (n), which returns a string of 
n spaces. For example in 


PRINT SPACE (5) ; ‘XYZ’ 


(Note : 


the string ‘XYZ’ will be printed after leaving 5 spaces). 


10. Write a function to return number of zeros in the ith row of the matrix A of size 10x 10, 


11i, Write a function which reverses the words of a sentence (e.g., given ‘I LIKE BASIC’, it 
returns ‘BASIC LIKE I’). Assume that one blank separates two consecutive words, Wil] 
your function work if the given sentence had only one word. 
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12. Explain the purpose of the built-in ERR and ERL variables. 
ERROR statement of BASIC. 


How does one use the ON 


13. Write a BASIC program to display on the terminal a grid containing 6 x 6 squares in the 


manner shown below : 


TS a TS Se ees 
iarelertisianall Saeed track aretelleetoea L 
EMM cele ttle: 
Terepeeetecebeseteset eve! 


Within such a grid, circle of a given diameter and cent 
drawn: Write a program to do this. 


14. Write a function called TRIM which accepts a strin 
removing all spaces from it. 


ted at a specific position is to be 


& as an input and returns it after 
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COMPUTER GRAPHICS 


9.1 GRAPHIC SYSTEM 


A graphics system is one that allows us to create pictures and interact with them.. A 
picture consists of points, lines and objects (made up of many lines). The lines may be straight 
or curves, Obviously, a computer system must include devices on which pictures can be 
developed, and it should provide software facilities for creation of Pictures as well as user 
interaction at this level. The graphic facilities are now commonly provided on modern 
computers, Remember the age-old saying : a picture is worth thousand words. The inter- 
pretation of data and results is easier when they are pictorially represented. It is for this 
reason that textual matter is supplemented with diagrams, photographs, curves, maps and 
histograms (frequently used in business reports), Computer graphics have been effectively 
used in a wide range of applications : from pictorially representing trends in business to the 
design of complex objects (like aeroplanes, integrated circuits, etc). They have also been 
popular in the world of advertising where complex, animated shapes and objects along with 
sound are used to create an impact on viewers. 


As shown in Fig. 9.1, there are four major components in an interactive graphics 
system : computer, display processor, display (output) devices, and interaction (input) devices, 


Display 
Processor 


Computer [eg __] Display 


Other'devices 


Inter action 
Devices 


Fig. 9.1 A typical interactive graphics system 


(137) 
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The printer and plotter devices can be used for drawing pictures. They are called ‘hard copy” 
devices as the picture, once drawn, cannot be modified. The display devices gives 
display of a picture that can be changed. The changes may be carried out 
user program runs on the computer and contains commands for drawing pi I 
commands are executed by the display processor, which also takes care of idiosyncracies of 
the display device. The interaction devices can be used to point at the picture. The user 


program can accept data from these devices to Suitably modify the picture. Let us briefly 
study the salient features of these devices, 


a visual 
interactively. A 
a picture. These 


The printer devices is already familiar to us. Here, s 
symbols may be letters, digits or special characters like point, comma, hyphen, dollar, ete. 
We have considered in Part 2 how the textual data consisting of words and numbers can be 
printed on a printer using BASIC. We can also use a printer device for plotting graphs (i.e., 
functions of a single variable), line diagrams (e.g., a flow chart or layout of a room), maps and 
even human faces. The goodness.of a device for graphics is decided by its ‘resolution’ charac- 
teristics, and the printer is poor in this respect. Resolution refers to the number of distinguish- 
ing elements per unit of distance. Ona printer, we can typically put 10° symbols per inch 
horizontally and 6 vertically. This is very low compared to, for example, number of points in 
newspaper pictures which’ are not discernible by naked eye even at a short distance. For 
instance, we may create a line on printer as a Sequence of hyphens, but it will not appear 
continuous. To some extent, we can control denseness of a picture on printer by choosing 


different symbols for printing. In the next section, we consider programming aspects for 
using printer as a graphics device. 


ymbols are printed in lines. The 


The plotter is another hardcopy device. In flat-bed version, 
mounted horizontally on which an ink pen can he pl 


of the four directions, In drum type plotter, the Paper is mounted on a drum which can rotate 
both forward and backward. A pencan move across the drum, In the ‘raster’ type of 


plotter, the entire image of the picture is transmitted to the paper (which may even be a film) 
at once. 


it has a sheet of paper 
aced anywhere and moved in steps in any 


The visual display device is very important in interactive graphics, 
a cathode ray tube (CRT). Ina ‘refresh’ type CRT, the displayed picture 
30 to 60 times per second from a buffer (which holds the picture), 
care of by the display processor, The ‘stor 


Tt usually employs 
must be regencrated 
This is automatically taken 
age’ type CRTs do not require refreshing, 

. The display device may be ‘random sean’, 
nates the screen of CRT) from any point to any other direction. The ‘Taster scan’ system, 
which is similar to TV transinissions, covers the CRT sereen by moving the beam across it 
from top to bottom. To draw a picture here, the display Processor, by controlling beam 
intensity, will illuminate points of the picture line by line from the top, In either case, the 
display processor makes things easier for us by provi 


roviding users with simple commands for 
drawing pictures and takes care of device characteristics by itself, 


where we can move the beam (which illumi- 


In monochrome display. its screen is coated with a Material which, wi 
by beam, gives out white light. Thus, we can create here black 
displays, the coating can provide red, blue and green colours, 


hen illuminated 
and white pictures, In colour 
or their combinations. 
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The display devices provide sufficiently high resolution. It is higher in monochro- 
matic than in colour display. The same display system may provide black-and-white high 
resolution display or medium resolution colour display. For instance, the Neptune micro- 
computer system (compatible with IBM PC) provides two resolutions : in high resolution, the 
screen can accommodate 640 points horizontally and 200 vertically in black or white; in 
medium resolution, the screen can display only 320 points horizontally in one of the four 
possible colours. It provides totally 16 colours out of which any four may be selected in 
medium resolution. The BBC microcomputer, on the other-hand, provides many modes with 
256 points vertically and 160, 320 or 640 points horizontally. Depending on mode, the 


display may be of 2, 4 or 16 colours. 


The display processor also includes necessary hardware for displaying text characters. 
The characters may be displayed in colour. The line capacity will depend on the resolution. 
For example. it may he 80 or 40 on Neptune and 20, 40 or 80 on BBC. 


; The interaction devices are very useful in design applications where the designer can 
view the displayed picture and decide to modify it through the use of devices that directly act 
on the displayed picture. For instance, an application program may display a menu of 
graphic symbols (like chair, table, partition, cabinet etc., in a space layout design) and wait 
for the user to ‘pick’ (i.e., sclect) onc of them. It can then place the picked symbol at a 
position on screen whose location is indicated by the user using a ‘Jocator’ type of device. 
The user may want further to rotate the symbol by some angle ; he may indicate rotation by 
turning a knob. The application program will sample the knob and obtain its value, which 
will then be used to re-orient the symbol. Thus, the knob is also an interaction devico S 
called ‘valuator’ as it supplies a value to the program. In addition to these, the user may want 
to display text using the keyboard. The function keys available on a keyboard can also be 
used for interaction with the program. The pick, locator, valuator etc., are only conceptual 
devices : their functions can be carried out by a variety of interaction devices, These will now 


be briefly described. 


The popular interaction devices are light pen, mouse, joystick, tablet, potentiometers (i.e., 
knobs) besides the familiar keyboard. The light pen, looking quite like an ink pen, can be 
used to point on the screen. Tt has a switch which, when pressed, interrupts the display 
processor. The processor can then obtain the coordinates of position pointed to by the pen 
and use them to find out which symbol was picked by the user or where he wants to locate 
a symbol. A mouse is a small, hand-held device with rollers onits base. It can be freely 
moved on a flat surface. Its movement (direction and magnitude) is sensed to move the 
cursor on the screen. A few buttons are usually mounted on the mouse, Pressing any of 
these causes an interrupt. The mouse device can be used as a locator, and, in conjunction 
with buttons, as a pick. The buttons can also be used directly in the manner same as 


function keys on the keyboard for entering commazds or menu options to the application 
program. 
A joystick is simply a stick which can be moved left or right, forward or backward 


for locating the cursor at required place on the screen. By a suitable command in the pro- 
gram, we can obtain the new location of the cursor. The tablet is yet another locator type of 


> 
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device. It provides a flat surface over which a pencil-like ‘stylus’ can be moved. The position 
of stylus can be sensed by a command in the application program. 


With the spreading use of graphics, efforts have been 
graphics capabilities for writing application programs, 
execute a graphics application on any computer that pro’ 
tely, the graphic facilities on microcomputers are fre 
nature. ImSee. 9.3, we will study salient factures of fa 


made to standardize the basic 
The standards make it possible to 
vides those capabilities, Unfortuna- 
quently non-standard and limited in 
cilities on some microcomputers, 

9.2 USING PRINTER FOR GRAPHICS 


Assume that we can print 64 lines of 120 characters each on one 


We then have 120 x 64 printable Positions, each of which can be ‘filled’ 
able symbols (like letters, digits, or special characters), We can develo 
appropriate symbols in this Space. We should, however, keep in min 
copy ‘raster’ types of device, i.e., it prints line by line in forward direc 


page of printer paper. 
by one of the print- 
p a picture by putting 
d that printer is hard- 
tion, 


One straight-forward method of programming for graphics on Printer is to declare a 
two-dimensional array of 64 rows and 120 columns : 
100 DIM P$ (64, 100) 


and fill the elements of P with Tequired 
picture of human face, you may put 
medium shade, ‘” for light shade, 
printed out line-by-line : 


500 FOR I=1 TO 64 


characters. For inst 
“4#” in area where da: 
and space elsewhere, 


ance, if you are interested in a 
tk shade is Tequired, “4. for 
After filling it, the P$ array can be 


510 LPRINT 

520 FOR J=1 TO 120 
530 LPRINT P$ (I, J); 
540 NEXT J 

550 NEXT I 


(Note: LPRINT gives output on printer while PRINT gives it on terminal.) 
The P$ array may very well represent a map of a state showing population densities 
using symbols of different types, 


The printer-is frequently used for plots, 
not be-necessary to define an array correspond 
the picture one line at a time, 


histograms or line diagrams, 


- In these, it may 
ing to the entire page, 


We can often develop 


Assume that we are given total rainfallin array R(30) for 30 consecutive days, 
would like to plot this data as shown in Fig. 9.2, where the dependent variable (i.e., the days) 
runs vertically downwards, Here, the symbol ‘*’ js Placed at a distance Proportional to 
rainfall on that day. Let the values of rainfall be between 50 and 500 (mm). We must 
decide on scale for rainfall (in horizontal direction). This would depend on number of 


We 
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15; ES 
Da K 
33: * 
4: K 
Si * 
6: a 
Tas ba 
8: * 


Fig. 9.2: Plot of rainfall on successive days 


positions available for plotting. Assuming it to be 50, one symbol in hori irecti 
t J : rizontal d 
can represent 10 mm of rainfall. We can now write the plotting program as follows : EEEE 


100 DIM R(30) 

110 LET S=10 

120 FOR I=1 TO 30 

130 INPUT R() 

140 P=INT (R(D/S). 

150 LPRINT I; ©; SPACE (P-1) ; ® 

160 NEXT I 
Here, P will give the position where “* is to be placed. SPACE (P—1) will cause P—1 spaces 
to be printed before. the asterisk. 4 P 

A histogram uses lines or bars whose sizes are proportional to some numerical values 

For example, 300 students appeared for an examination, of which 70 failed, 150 got eond 
division, and 80 obtained first division. We may depict this information by a toman as 
in Fig. 9.3 (a) or (b). Later shows the spectrum or distribution of students in different 
categories by different symbols. A bar of 3 consecutive lines is used for visual effect instead 


of just one line representation. If variables T, S and F respectively give total, second class 
and failed students, and assuming scale factor of 10, the following program will obtain the 


display in Fig. 9.3 (b). 


FAILED! = =u 
SECOND : * * * ee Oe KF ROK OK KF 
HIRST eck wer 
(a) 
ee ie ae aes Gee ee eee 
oe eg N TT a ee 
ey a S ent hea es fe Cees ote 
FAIL SECOND ya Maen: 
a IRST 


Fig. 9.3. Histograms 
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100 INPUT T,S,F 
110 I=T/10: J=S/0: K=F/I0 
120 FOR M=! TO 3 


130 EOR L—I 5 TOW 1K 

140 LPRINT “.”; 

150 NEXT L 

160 FOR L=K+1 TO Jix 
170 EPRINT “==: 
180 NEXT L 

190 FOR L=J+K+1 TO I 
200 LPRINT ‘*?? ; 

210 NEXT L 

220 LPRINT 


230 NEXT M 


Thus, although the printer device offers limited resolution, we can use it for’ preducing 
results in pictorial form. 


9.3 GRAPHICS ON DISPLAY DEVICE 


In this section, we will study graphic facilities Provided in BASIC on a 
Since they differ widely from one machine to another, we will first outline 
typical facilities, and tien see the actual details on two systems : 
(TBM PC compatible). 


micrecomputer, 
a summary of 
BBC micro and Neptune 


On a display device, we can display text dat 
as printer. Typically, 24 lines of 80 characters e 
can be drawn on display as dessribed in Sec: 9,2 


a-arranged in lines in muc 
ach can be displayed, 
above. 


h the same way 
Histograms and plots 


In the graphic mode, the display screen can be viewe 
points. The top or bottom left corner may be considered 
point on screen can be specified by its x (horizontal) and 3 


d asa two-dimensional grid of 
as origin of this Space. Then, any 
* (vertical) coordinates. 


One or more graphics modes may be available. which diffe rin numb 
resolution) and colours available for displaying points. Ina mode, one colour (e.g., black) is 
designated as ‘background’ and one as ‘foreground’. We can, of co 


i ? 3 urse, vary them any time 
in the program. We can specify colour to be used for displaying a point, (These facilities are 
also available in ‘text’ mode.) 


er of points (ie, 


One primitive way of developing pictures on display device is to Specify points to be 
illuminated (in chosen colour}. Here. since each point is an element of the picture, it js also 
called as ‘pixel’ (an abbreviation for picture element). This would need too much work on 
our part. Hence, some higher level facilities are provided to directly 


draw a line between two 
points, a triangle between three points, a rectangle given its two opposite corners, or a circle 
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(ellipse) given its centre and radius. Also, we can define a pattern of pixels (say, of size 8x 8) 
and get it displayed at any position on screen. ; 
Thus, the microcomputer facilities for graphics typically include : 
. displaying points specified by coordinates. 
. selecting mode 


. selecting colour for subsequent display 
. drawing common picture primitives like lines, rectangles and circles, and 


. defining our own patterns. 


0.0) for text and (0, 1023) for gia 


(1279, 1023) 1r 
graphics made 


Fad 


(1200 950) 


Graphics 
Window, 


Text 
Window 


X02, 25) 
eo O) for graphics 


Fig. 9.4: Creating windows on screen 


(600, 150) 


On BBC Micro, the display may be in text and/or graphics mode. In text mode, 
32 lines of 80 characters can be displayed (depending on mode). Here, the top left corner of 
screen is the origin, and coordinates of a character are given by line and column numbers. 


For example, the statement 
PRINT TAB (10, 5) ; “A” 


will display letter A in line 10 and column 5. The two arguments of TAB can be considered 


as specifying coordinates. 

cs mode, the screen can be considered as a grid 1280 x 1024 of points with 

bottom left corner as origin (See Fig. 9.4). The screen can be divided into two windows for 
rately. A window is specified as a rectangle by giving 


displaying text and graphics separa ne ; : 
coordinates (with respect to appropriate origin) of its bottom left and top right corners. 


BBC Micro provides an all-purpose “VDU n” statement, although some readable 
alternatives for specific actions are also available. If the screen is to be divided into two 
windows as shown in Fig. 9-4, the following commands are required : 

VDU 28, 2, 25, 20, 4 (for text) 
VDU 24, 500 ; 150; 1200; 950; (for graphics) 


In the graphi 
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It provides MODE command for selecting resolution, number of colours, and text line 
size. The highest resolution available is 640 x 256 pixels in 2-colour display, and lowest is 
160x256 pixels in 16-colour display. Note that a pixel is made of many points on 
screen arranged in a rectangle. For instance, in 640 x 256 resolution, a 
of 2x4 points on screen which are illuminated together. 
coordinates given in commands are those of points. 


pixel is a rectangle 
Whatever be the resolution, the 


The command 


MODE O 


gives 640 x 256 resolution in 2 colours and 32 lines of 80 characters also in 2 colours (black 
and white). MODE 1 gives 4-colour 320 x 256 resolution and 32 lines of 40 characters also 
in 4 colours. Totally, 7 modes are provided. 


BBC micro provides 16 ‘actual’ colours for colouring a point. 
numbered from O to 15. However, in a particular mode, only 2 or 4 colours are available. 
These are called ‘logical’ colours, and numbered as G, 1, 2and3. The logical colours can be 
selected from the 16 ‘physical’ (i.e., actual) colours. We can change the colour assignment at 
any time in the program. For example, in 4 colour text mode, 0 is black, 1 is red, 2 is yellow 
and 3 is white by default so that letters on screen app 5 


earin white against black background. 
We can change the colour of letters to red by executin, eel 


These colours are 


8g. 
COLOUR I 
The background colour can also be changed using the same statement, but by addin 
128 to colour code : E 
COLOUR 130 


This statement changes the background for text to yellow. Thus, in text mode, we have one 

colour each designated for foreground and background at any time, and we could keep 

changing them to get different (parts of) lines in different colours. Note that all commands 

Pues here can also be ‘used as statements in a program by using a line number before 
em. 


me VDU 19 command is used for selecting actual colours for the logical colours, For 
example, 


VDU 19, 3, 4, 0, 0,0 


selects blue for logical colour 3 in 4-colour mode. 4 is the ‘actual number’ of blue. On BBC 
0 to 7 numbered colours are steady type and 8 to 15 are flashing type. , 

While COLOUR is used for text display, the GCOL command is used for selecting 
colours in which subsequent graphic command outputs are to be displayed Using it, we can 
define colours for foreground and background. Further, we can also carry out interaction 
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between current colour on screen and colour to be used for disp! i 
i or display. Thisi ion i 
specified by an operation code in GCOL. The operations are : ; a) eae 


O : display colour specified (complete overwrite) 
1 : OR the existing colour with specified colour 
2 AND of two colours 

3 : Exclusive-OR of two colours 

4 


invert the colour on screen (i.e., NOT) 


The logical operations are done on bits representing colour codes. For example, if 
screen colour is 1 (i.e., 01) and colour specified in GCOL is 2 (i.e., 10) then 3 


OR gives: 11, i.e., colour 3 
AND gives: 00, i.e., colour 0 


EX-OR gives: 11, i.e., colour 3, and 


inverse of 01 gives: 10, i.e., colour 2. 
ZOL is operation code, and the second is colour specification for 


The first operand of G 
be either for foreground or background. 


subsequent graphic output. This may 


After selecting MODE, defining windows and selecting colours, we can clear the screen 
by using CLS command for text and CLG command for graphic window. The windows will 


be filled up with background colour selected by us (or the default). We can put text in the 
text window now by using PRINT and get different colours for text using COLOUR 


statements. 


ies for drawing pictures. The system always maintains a 
his the point last visited. Initially, it is (0, 0). We can 
r) by using the MOVE command as in 


Let us next consider facilit 
‘current’ position on screen, whic 
establish a new position (for curso 


MOVE 15,25 


We could draw a line from the current position to any point by using the DRAW command : | 


DRAW 80,200 
(which would draw line from (15, 25) to (80, 200). 


A multipurpose command called PLOT is included whose form is : 


PLOT k, x, y 


This command’s action depends on value of k. For some values of k, it is same as MOVE 
but (x, y) may be treated as absolute or relative (with respect to the current point) coordinat ‘ 
es. 
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Other values of k provide for the following : 


. Draw a line treating x and y either as absolute or relative coordinates. Also, linc 
may be drawn in foreground or background colour. 


. as above, but dotted lines. 


. plot a single point, and 


- plot a triangle using the point specified by x and y and last two poiits visited. 
The triangle can also be filled up by the colour. 


Besides the many facilities available through VDU command, mention must be made of 
the facility that enables us to define new ‘text’ symbols. Symbols can be defined using a grid 
of 8X8 pixels, indicating which of them are to be illuminated. For example, Fig. 9.5 shows 
one Hindi letter planned in 8x8 grid. For each row, ‘treating illuminated pixels as I, and 
others as 0, we obtain its decimal equivalent and include it in VDU 23 statement. We also 


assign a code number (between 224 to 255) to this new symbol. Thus, the symbol in Fig. 9.5 
can be defined by ' 


VDU 23, 235, 4, 60, 32, 32, 60, 4, 4, 60 
and displayed on screen by 


PRINT CHR$ (235) or VDU -235 


We can construct required pictures (e.g., a ball, human shape, space rocket, etc.) by defining 
one or more symbols and displaying them appropriately. We can also display the symbol in 
graphics window at the current position of graphics cursor by first giving the VDU Sand then 
PRINT. Other VDU forms allow us to move cursor left, right, up or down by one character 
position in graphics window. Thus, complex pictures can be easily created. These facilities 
are sufficient for creating movement necessary for animation (which could be made more 
effective using the sound generation facilities). 


4 (00000109) 
60 (00111100) 


4 (00000100) 
60 (00111100) 


Fig. 9.5: Designing new symbols (not to dimension as pixels are 
usually rectangular not square) 
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Let us consider the program given below. It creates a text window, colours it with 
yellow, and displays a few words in it. REMs give additional explanations. 
10 MODE Í : REM selects 4-colour 80 x 32 mode 
20 VDU 28, 2, 15, 15, 3 
30 COLOUR 131 : REM white (logical 3) as background 
40 CLS : REM fills text window with white 
50 COLOUR 1 : REM selects red (1) for foreground 
60 PRINT “ROLLING” : REM output appears in red 
70 VDU 19, 2, 10,0, 0,0: REM assign flashing green-magenta to logical 
colour 2 
80 COLOUR 2 
90 PRINT “BALL” : REM appears in flashing 
100 COLOUR 1 : REM back to red 
110 PRINT “ON A TABLE” 


120 END 


The program given below sets up a graphics window. It draws picture of a table with 
its top as a filled up rectangle and two legs as un-filled rectangles. It defines a symbol to 
represent a ball and displays it as sliding or moving on the table. Movement is achieved by 
the following steps : 

position the graphic cursor (by MOVE) 
display the ball 
wait for some time 
remove ball from that position (either by inverting its colour or by exclusive-OR 
operation). 
position at next place and repeat these steps. 
should be self-explanatory. The window is filled with 


The program given below, now, 
and table is drawn in red. The 


yellow (code 2 added to 128 to make it background colour), 
Moving ball appears in blue colour. 

10 MODE 1 

20 VDU 24, 400 ; 100; 1100; 1000 ; 

30 GCOL 0, 130; REM yellow for background 

40 CLG 

50. VDU 23, 240, 0, 8, 28, 62, 62, 62, 28, 8 

60 GCOL 0,1: REM red foreground 

70 REM displaying table 

80 MOVE 500, 400 
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90 DRAW 500, 480 

100 DRAW 1000, 480 

110 DRAW _ 1000, 400 

120 DRAW 500, 400 

130 PLOT 85, 1000, 480 : REM fills triangle 

140 PLOT 85, 500, 400 : REM completes filling rectangle 
150 REM drawing legs 

160 MOVE 560, 400 

170 DRAW 560, 160 

180 DRAW 620, 160 

190 DRAW 620, 400 

200 MOVE 880, 400 
210 DRAW 880, 160 
220 DRAW 940, 160 

230 DRAW 940, 400 

250 GCOL 3,1: REM EX-OR of | and background 2 giving 
260 VDU 19, 3, 4,0, 0,0: REM Set 3 to blue 

270 VDU 5: REM for displaying symbol 

280 FOR X%=550 TO 900 STEP 10 


290 MOVE X%, 500 

300 VDU 240 : REM display ball 

310 FOR I=1 to 300 : NEXT I : REM waiting 
320 MOVE X%, 500 

330 


VDU 240 : REM ball taken off due to Ex-OR 
340 NEXT X% 


350 VDU 240 
360 END 


You could try modifying the operation code in GCOL in line 250 and work out the 
effect on display. 


Let us now look at graphics facilities in BASIC on IBM PC—compatible micro- 
computers. The display here may be in text or graphics mode. In the former, line width 
can be set to 40 or 80 ; with 40, displayed characters appear much broader. Two modes for 
graphics are available : high resolution, 2-colour, 640 x 100 pixel mode and medium resolution, 
4-colour, 320 x 200 pixel mode. In medium resolution (mode 1 


) screen can accommodate 
24 lines of 40 characters. The colours are referred to by codes 0, 1, 2 and 3, to which actual 
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colours from 16 available colours can be assigned. Colour 0 is back 

l : : ` ground and 3 fore 

In hign resolution (mode 2), black is background and white is foreground. We can oei 
dynamically (i.e., during program execution) change the colours. ' 5 i 


The SCREEN statement selects mode and enables colour. Tts simple format is 


SCREEN m [, n] 


when given, enables colour if it has non-zero (TRUE) 


Where m gives mode (0 for text) and n, 
d to indicate optional part of a statement.) 


value. (Note: Square brackets are use 
r foreground and background. The 16 actual 
to 7are high intensity and 8 to 15 are light. 
The statement is given as 


The COLOUR statement selects colour fo 
colours are numbered from Oto 15. Of these 0 
Codes 16 to 31 turn them into blinking colours. 


COLOUR f, b 
isible. In mode 2, f can be black (0) and b 


ent display will be inv: 
black printed on white background. 


If f and b are same, subsequ: 
video’, i.e., 


white (1), giving us display in “reverse 
s are provided for drawing lines, circles, rectangles, etc. Pixels 
coordinates (x, y) with top left corner as origin. Coordinates 
h respect to the last pixel visited. When relative, + or — sign 


A number of statement 
on screen are referred by their 
may be absolute or relative wit 
is included in coordinate specification. 
drawing lines between two points, or a rectangle given 


ent is used for 
It also specifies colour and whether rectangle is to be 


The LINE statem 
coordinates of its opposite corners. 
filled, Its format is 

LINE [(x yi] — yz) [, [colour] l BIF]]) 

Tf (x1, y1) is omitted, last visited point is taken. B specifies drawing rectangle, and F indicates 


that it is to be filled. 
radius and colour for drawing a circle. A full or 


When partial, we indicate start and end angles in radians (with 
Jf angles are given with negative signs, the start and end 
The statement is written as follows : 


The CIRCLE statement gives centre, 


part of a circle can be drawn. 
_Tespect to x axis through centre). 
points of partial circle are joined to centre. 


CIRCLE (x.y), tf colour L starts end]] 
For example : 


CIRCLE (100, 100). 50., —PI, —PI/2 


s set to 3.14) draws partial 
y ellipses can be drawn, 


(where PI variable i circle as shown in Fig. 9.6. The statement also 
includes a specification whereb: 
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Fig. 9.6 : A partial circle 


The DRAW statement is used for drawing line diagrams. 


It strings together a number 
of single-letter commands (and their operands). The following 


are some of the commands 

Offered : 

U ; move up D : move down 

L : move left R : move right 

E : move diagonally up and right 

G : diagonally left and down 

F : diagonally down and right 

H : diagonally up and left 

(in these, 


amount of movement is the operand given in term of number of 


pixels) 
M x, y : move to pixels (x, y) 


An: sets angle ; causes figure to be rotated, 


n is between 0 to 3 with 0 as 0 degrees 
and 3 as 270 degrees. 


A sequence of these commands can be given as a string (within quotes) in the DRAW 
statement. 


We can fill area covered by any boundary by merely Specifying coordinates of any point 
in that area in the PAINT command ; 


PAINT (x, y) [, colour] 
When colour is not given, the foreground colour (3) is used by default, 


A simple but effective facility is provided for drawing com 
human face, etc.), We define the image on a rectan 
pixels are to be illuminated and in what colour. Le 
20 pixels, In medium resolution, 2 bits are required 


s 3 indicate one out of 4 
colours for it, Thus, for a row of 20 pixels, we need 40 bits, Which round up to 6 bytes, 


gle of pixels on sc 
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; \ 
For 40 rows, we thus need 240 bytes. To this, add 4 bytes required internally by the system. 
We thus need to define an array of this size, and fill its elements with required bit patterhs 
For instance. f ; 
100 DIM IM% (122) 
gives area of 244 bytes, since each element occupies 2 bytes. BASIC provides for hexadecimal 


constant for easy initialization with bit patterns. For instance, 


LET IM% (3)= H98AB 
puts bit pattern 1001100011001101 in 3rd element of IM% array. 


it can be transferred to the screen by PUT statement at 
ft corner of the image rectangle). During the transfer, 
dy exists on the screan (just like operation code in GCOL 
ified in PUT as one of 


Having defined the image, 
specified coordinates (for the top le 
we can also interact with what alrea 
for BBC BASIC). The operation for interaction is spec 


PSET : directly transfer (old area wiped out) 
PRESET : display image in array after inverting 
AND ] 
screen pixels (old) and array pixels are ANDed, ORed, etc. 
OR : XOR stands for exclusive OR 
XOR J 


Note that these operations are same as those available in GCOL. The form of PUT is as 


follows : 
PUT (x, y), array Í, operation} 
the screen can be stored im an array by a GET statement. It 


A picture already on ar 
te corners of the rectangle containing the picture : 


specifies coordinates of opposite co 
GET (x, y1)— (x2 y2), array 


Finally, commands are provided 
r them very briefly. 


for interacting with light pen and joy-stick. We will, 
however, conside We could always simulate such devices through the 
keyboard. 

as a pick device, as mentioned earlier. After positioning on 
h on light pen and cause interruption in the running program. 
r BASIC program by using the ON PEN statement. For 


The light pen can be used 
the screen, we can press the switc 
We handle this interruption in ou 
example, 

100 ON PEN GO TO 300 
which would transfer control tol 
obtain the coordinates on screen W 
as follows : 

300 X=PEN (1) 
310  Y=PEN (2) 


ine 300 when the light pen switch is pressed. We could 
here light pen was pointing by the built-in function PEN 
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The program using light pen should contain a PEN ON statement at the beginning and 


PEN OFF at the end. 


10. 


For the joystick, similar facilities are provided. 


EXERCISES 


Explain the terms ‘pixel’ and ‘resolution’. 


The rainfall plotting program segment given in Sec. 9.2 has the independent variable 
(i.e., day) running vertically downwards. Write a complete program to plot rainfall with 
days along horizontal axis and rainfall on vertical (upwards) axis. 


In the rainfall plot program, scale was chosen as 10. Actually, scale must be computed 
from the range of values of the dependent variable. Write statements which obtains 
scale by dividing largest rainfall value by number of positions available for plotting. 


Write a program to obtain histogram as shown in Fig. 9.3 (a). Scale must be decided by 


the program. The value of the variable data (e.g., number of students FAILED) should 
appear within parentheses immediately after the line of stars. 


A circle is to be drawn on the printer. 
the equation of the circle is 


(X—40)24 (¥—258=R2 


Given that its centre is on line 25 and column 40, 


where R is radius (in number of characters). Write a program to draw circle. (Hint : a 
horizontal printer line has equation Y=K, where K is its line number. Substitute K in 


circle equation and obtain two points of intersection. Rounding or truncation can be 
done to obtain integer answer). 


Modify the program in Ex. 5 above to draw circle filled with *', 


BBC BASIC does not directly provide facility for drawing circle. Modify the program 
in Ex. 5 to draw a circle on display in mode 1. 


How would you draw diamond-shaped box and hexagons using facilities on B 
Would it be easier on IBM PC BASIC. BC micro. 
Write subroutines for drawing regular shapes like triangles, rectangles, etc, They should 
include parameters appropriate to shapes besides the coordinates (x, y) of point where 
they are to be displayed. Design simple games for putting together these shapes in an 
interactive manner. 


Design a display which initially shows a bow mounted with an arrow on 
on right. Write program to show pulling of bow string, movement of a 
of target. 


left and a target 
rrow and felling 


123 
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_ Write a program to display results ofan examination (Fig. 9.3) using a circle shaded by 


different colours. 


Design some simple interactive games using the light pen. For example, display, say, 10 
balls falling down and a basket. The light pen can be used to move the basket o if 

falling balls. The balls may fall with different speeds or dropped at different times. a 
main part of the program could be doing the following steps : 7 © 


. calculate new positions of balls 

. check if any ball falls in basket 

. display balls at new positions 

. wait for some time and then repeat the above. 


When the interruption from light pen comes, get new position of basket and redisplay it 


at new position. 


10 


ELECTRONIC WORKSHEET 


10.1 INTRODUCTION 


on screen the effect of his com 
simplify their use, 


Electronic w orksheet 


packages are fairly general purpose. 
problems fr. 


om various areas. The areas in which spreadsheets have 


. planning and budgeting, where Some resource (say, 
many activities, 


They can be used to solve 
been extensively used are : 
money) is to be distributed between 


. financial analysis, 
. Stock valuation, 


- performance analysis, etc. 


The general idea here is to provide facilities equivalent to combination of a Paper-pad 
and a pocket calculator which we commonly use for simple computations. The paper is 
replaced by terminal screen maintained electronically (and giving much greater flexibility in 


(154) 
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size and formatting). Besides the calculator-like facilities, a worksheet provides ways of 
specifying computational relationships between data and carries out these computations 
automatically. Thus, it is a tool much more powerful and flexible than a combination of 


calculator and pencil-and-paper. 


There are many spreadsheet packages available today under different brand names. 
The one called VISICALC, the pioneering spreadsheet package, is probably the most widely 
used. It is available on most of the popular personal computers like Apple, IBM PC, Tandy 
and Commodore. Other well-known names are SUPERCALC, Analysis Pad, Business Data- 
base and Intels Multiplan. They all have more-or-less similar capabilities. There are some 
packages which combine other functions like database management and graphics along with 


spreadsheet functions. Lotus 1-2-3 is one such example. 


we will see the important facilities provided in a spreadsheet package - 
you exact format of commands, or keys on terminal that 
from one package to another. If you have the 

l to learn the actual commands. 


In this chapter, 
ima general way. We will not give 
need to be passed. These aspects vary 
package available to you, consult its manua 


10.2 WORKSHEET FORMAT 


A worksheet is like a paper divided into rows and columns (asina table). It hasa 
id pattern as shown in Fig. 10.1. Each slot or grid element is also called a 


two-dimensional gr f 
lar arrangement of cells into rows and columns. 


cell. Thus, the worksheet is a rectangu 
age, the grid has fixed number of rows and columns. For 
umns and 254 rows. The rows and columns are labelled in 
Jumns labelled alphabetically as A, B,-.... , and rows labelled 
dinates forcells in the worksheet. Every cell 
he row and column labels in which it appears. 
|. For instance, B 3 is the address of a cell 


tioned in Fig. 10.1). 


Depending on the pack 
instance, VISICALC has 64 col 


some manner. Fig. 10.1 shows co 
serially as 1, 2,------ etc. The labels act as coor 


in the grid can be uniquely specified by giving t 
The two labels together define ‘address’ of that cel 
in column B and row 3 (on which the cursor Is posi 
a text (i.e, non-numeric data), or a formula requiring com- 
fixed or variable, depending on the package. For instance, 
capacity of a cell may be 8 symbols. It may automatically expand as we fill it, or we may have 
to make the entire column in which it lies wider by a suitable command. Thus, we may plan 
a worksheet with some columns wider (e.2., 25-character size) and some of smaller size. We 


can adjust column and/or cell sizes to the needs of problem being solved. 


A cell can store a number, 
putation, The size of cell may be 


A worksheet is displayed on the terminal screen ina suitable format (eg. as it appears 
in Fig. 10.1). The screens are of fixed and limited size, and it is not possible to display the 
entire worksheet (of 64X 254 cells) onthe screen. Only a part is shown at a time. We can 

gh which we see the worksheet. We can “move” the 


regard the screen as a «window” throu, 
k atother parts of the worksheet. This is commonly 


window up, down, left or right to loo í i work 
called ‘scrolling’, and commands are provided to scroll in 4 directions and bring the relevant 
position of the worksheet on the screen. 
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row numbers 
Column labels. 


Saree lel ed lee 
I l (] 

0 Sie T AA ------— te ee He 
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n ell freee 
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m EEL Pea eds =t ----—-r ------——— 


| 
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7 i ] l i 
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Total gain 


Fig. 10.2 : Stock portfolio example ; column labels, row numbers 
and lines are shown for reference. 
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To enter data or a computation ina cell, we have to first position the cursor on 
that cell. This is done by the cursor positioning command that specifies address of the 
required cell. Thus, we can randomly move the cursor to any cell (scrolling will take place 
if the cell is not in the view). Frequently, we need to fill up cells in row-wise 


automatically 
and simpler commands (e.g., a single stroke on keys +, { , > Or 


or column-wise sequence, 
4) are available for this purpose. 


of a few keystrokes. Alternatively, the bottom of screen may 
where one of them is selected by moving cursor onto the 
TAB key). Some packages permit both alternatives. The 
e space still available in the worksheet (as a 


A command may consist 
display a menu of commands, 


required command (say, by pressing 
display also shows useful information like fre 
percentage) and name of the worksheet. 


10.3 OPERATIONS 


Let us first study the operations co: 
want to use the package for any application, 
only. 


mmonly provided by these packages. When we 
it must be formulated in terms of these operations 


(i) Entering data into a cell 

A value can be directly entered into a cell on which the cursor is currently positioned. 
The value is entered by pressing the required keys. A value that starts with a letter is treated 
as non-numeric, We may always enclose a non-numeric value in double-quotes to be very. 
specific. The cell is regarded as numeric or non-numeric depending on the value placed in it. 


Only the numeric cells can participate in computations. 
red left-justified in the cell (i.e., starting at the left- 


A non-numeric value is always sto : e cell (i.e., st 
most place in the cell). If required, we can change this to right-justification by an explicit 
command. Right-justification is appropriate for giving titles to columns of values (as in a 


table). 


(ii) Right justification 
Here, we specify the cell in which a value is to be Tight-justified. We may also give 
a sequence of cells which are in a row or column. for right justification by simply mentioning 
addresses of the first and last cell in the sequence. For example, in VISICALC, the command 
fFR: A2: D2 


will cause right justification in cells A2, B2, C2 and D2. 

(iii) Entering a formula 

mputation. The usual arithmetic operations of addition (+) 
(*) and division (/) are available. These operations can be 
A formula is like an algebraic expression made u 

Thus, the formula p of these 


c44+D4 


A formula specifies à CO 
subtraction (—), multiplication 
carried out on numeric cells. 
operations and cell addresses. 
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specifies addition of values contained in cells C4 and D4. The formulas are written using 
same conventions as for expressions in programming languages (e.g., BASIC, See Sec, 5.4). 
The operators have usual priorities (i.e. “* and ‘/ have higher precedence than ‘4+ and ‘—? 
with evaluation from left to right. Parentheses can be used for altering the order of execution 
asin 
(C4+D4) * 0°5 
where addition is done prior to multiplication. 


A formula is entered in a cell by a suitable command after positioning the cursor on it A 
e.g., in VISICALC, the command is 


[F (C4+D4) * 0:5 


The formula is evaluated as soon as entered and its result is stored in the cell. Ifthe 
above formula was entered in cell E4, its result will be seen in E4: The package will 
remember the formula also. Later, if we change contents of any operand cell (i.c., C4 or 
D4), the formula is automatically re-valuated and the new answer is stored in the result cell, 
This is one of the primary advantages of spreadsheet Package over hand calculations. The 
formulas express relationships between cells, and they have to 


press 5 t o be stated only once. The 
package maintains all cells up-to-date by propagating effect of modifications to:all related 
cells. 


(iv) Built-in functions 


The built-in functions provide additional Computational facilities for use in formulas. 
The important functions commonly provided are : 


» Summation of a row or column of values, In VISICALC, @ SUM 
sum up values in the cells D2, D3, D4,.. upto D19, which is a-co} 
result will be stored in the cell which contained the formula. 


(D2...D19) will 
umn sum. The 
. obtaining average of values in a row or column. 


. obtaining maximum or minimum of values in a row or column (or in a given list of 
cells), 


. trigonometric functions (like sine, cosine, tangent, etc.) 
. other mathematical functions (like logarithm, exponential), 


. conditional computation, whereby a condition can 


be specified to select One out of 
two formulas. 


. table look-up (a table is made of two parts ; eg., price table contains names of items 
and their prices. One part serves as argument for Search and the other Part represents 
result of search. Thus, using table look-up operation, we can obtain price given 
item name. The price may then be used in further computations), ; 


(v) Formula replication 


Sometimes, a similar formula needs to be specified for a row or column of cells. The 
operand cells in the formula will vary correspondingly in such Situations, Consider, for 
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example, that cells in column E are required to be products of corresponding cells in columns 
Cand D. This requires us to enter. 


ci * DI in El 
C2* D2 in E2 
etc. 


id this tedious work on our part by first entering the required formula in El and 
her cells of column E. The spreadsheet software will automatically 


s in relative fashion during the replication. 


We can avo 
then replicating it in ot 
change the operand cell 
copy formulas without modification across a row or column. There 
le for this purpose. The copy command is typically 
) to separate titles and bottom lines from the 


We could, of course, 
is a simple repeat or copy command availab’ 
used for drawing lines (of asterisks or hyphens, 
body containing detailed data. 


(vi) Sorting 

The rows can be rearranged such that yalues appearing under some column are in 
ascending or descending sequence. That column is said to be the ‘key’ for sorting. The key 
may be numeric, textual or mixture. The blank cells in that column are usually placed at the 


end, 


(vii) Naming 
We can create many worksheets for different applications. The package allows us to 
give them suitable names (c.g. MARKSHEET) so that they can be saved (i.¢., stored on 


floppies) and loaded i.c., recalled) later for further use. Some packages even allow references 
between worksheets using thes 


names for purposes such as copying. 
gful names to cells and to rows or columns of cells. Such names can 
s in formulas and functions. Thus, we can refer to cells by names 
Instead of 

C4 * D4 


We can give meanin 
be directly used as operand 
instead of their coordinates. 


we could write 
QUANTITY *PRICE 


and for 
@ SUM (D2...D19) 


we could say 
@ SUM (MARKS) 


it cross-referencing between worksheets will allow us to use 
from one worksheet can be used in the other (even in these 
ksheet is propagated automatically to other work- 


The packages which perm 
these names so that selected data 
situations, the effect of modifying one wor 
sheets). ` 
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(iii) Window 


The screen of a terminal being limited, only a part of worksheet is visible at a time. We 
can divide the screen into two or more sections, called windows, such that each window shows 


different part of the worksheet. Windowing enables us to see effect of changes at all places 
in the worksheet, however distant they may be. 


We can create a window either in horizontal or vertical direction. For instance, to 
create a vertical window, we may position cursor on column D, and give suitable command Š 
after that, we move cursor towards right, bringing in more columns of worksheet on screen ; 
in doing this, columns D, E, etc., will consecutively disappear, but columns A, B and C will be 


retained on the left. Similarly, horizontal windows are c itti 
t í A reated by splitt on S 
window itself may further be divided horizont wae eee 


ally or vertically. Fig. 10.3 A 
window on column C. y ically. Fig. 10.3 shows a vertical 


row. numbers 
(es 


Company name 2 


contents. The windows to be 
command. In some packages, 
are always displayed irrespectiy. 
screen row or column titles. 


cot ‘linked’ together by a suitable 
a ae is provided for fixing rows or columns such that they 
y o! scrolling in any direction. This is useful for retaining on 

he facility is equivalent to a window. 


(ix) Cursor positioning 


Cursor positioning commands are fairly simple. For randomly positioning on 1 
we specify its coordinates. We can also use arrow keys (like +, 4 ) for bE Be siete 
wise movement of cursor on the worksheet. Where naming is Permitted, name may be given 
in the command instead of cell address. 
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(x) Miscellaneous 
Most spreadsheet packages also include facilities for the following : 


. formula display : instead of displaying contents of cell as a value, the formula supplied 


by the user for that cell is displayed. 

commands are provided to change width of cells in a column or 
oup of) cell(s). For example, cells in a column may be 
bol ($) is displayed along with the value. 


. formatting : here, 
for selecting format for values in a (gr 
given ‘dollar’ format whereby the currency sym 


. printing: for printing a worksheet either fully in parts ; options may be provided for 


setting margins, titles, etc. 
. transfers: commands are provided for ‘saving’ a worksheet on auxiliary storage 
(e.g., floppy), for ‘loading’ a saved sheet into memory, for ‘renaming’ a saved sheet, for 


‘deleting’ a saved sheet, etc. 


It should be noted that a specific package may provide only some of the above opera- 
tions, We have to design an application in terms of the available operations, and, to that 
extent, the problem solving activity using a spreadsheet package is analogous to the program- 
ming activity. We illustrate this by a simple example in the next Section. 


10.4 STOCK PORTFOLIO : AN EXAMPLE 

f a person in a (limited) company. It can be purchased 
y. People take advantage of fluctuations in stock prices 
A stock is commonly called ‘share’. 


‘Stock’ represents investment o. 
and sold just like any other commodit 
for making profits (of course, they frequently incur loss). 
es of some companies at some prices. They form 
to day, we want to know what is the market value 
er with Spreadsheet software. Let us use it to 
fits at (changing) market rates. Ñ 


Assume that we have purchased shar 
our ‘portfolio’. As prices change from day 
of our investment. We have a microcomput 
record our purchases and to calculate our pro 

We should first prepare a list of data required to be entered into a spreadsheet : 


. names of companies whose shares were purchased, 


. quantity of shares purchased for each company, 


. the purchase price. 
These data, representing our portfolio, will not change unless we make more purchases 
or sell some shares. We can enter the above data as one column each in a worksheet. 


an be defined for entering current prices of shares. Given 
we can calculate gain or profit foreach company in the 
for gain will, therefore, be introduced in our worksheet. We 
r all the companies (i.e., sum of gain col=:!). 


An additional column © 
purchase price and current price, 
portfolio, An additional column 
would also like to know total gain ovè 


ned our application’ to this level of details, w- ~#M start creating the work- 


-+y grid of cells. We can enter values 


Having plan 
Initially, it will show us an e= 


sheet using the package. 
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in the cells as shown in Fig. 10.2. The first row is used for title, the second row contains labels 
for columns. only textual data in these rows, and can be entered directly. Notc 
that column names have 
m 3rd row onwards, we enter data. We may do so row-wise or column-wise. 


Column B contains names of companies (it may 


Thus, there is 
been right-justified. 


Fro 
Column A contains only serial numbers. 
have to be made wider than other columns). 


Column F is to contain gain. We can specify a formula for its calculation as 
C3 * (E3—D3) in cell F3 
and then relatively replicate it for other cells in column F. 


The cell E 9 contains the text “Total gain”, and the value for total gain is to be obtain- 
ed in cell F 9 (as per Fig, 10.2 ; these would be some different cells if we had large number of 
companies in the portfolio). The value in F9 should be sum of values in cells F3 to F7. 
Thus, we specify the formula @ SUM (F3 . . F7) for cell F 9. 

After entering the data and the formulas, the spreadsheet will contain our portfolio 
and total gain. As the values of shares change, we will modify the numbers in column E. Their 
effect will be immediately seen in column T. 


AL ACISES 


1. List ways by which a cursor can be positioned on a required cell. 


2. Work out the commands required to do the following computations : 
put value 127.5 in cell C10 
put value 45.25 in cell DS 
get result of V (127.5)?4-(45.25)? in E19. 


In what way the formula replication command simplifies task of a spreadsheet user. 


Give the sequence of commands required to create the STOCK PORTFOLIO spreadsheet 
shown in Fig. 10.2. 


5, Which cells in Fig. 10.2 would change if value 140 in column E is changed to” 160. A 

her conducts 4 examinations for a course. There are 25 students inthis class. The 

tine. marks for the tests were 25. Besides keeping the record of marks in each test, 

the teacher W aries total of marks for each student, In addition, he also wants to select 3 
‘ont and get their total. Design spreadsheet format and indicate 

best marks for each stuav.. ae ite ee D 

commands for its creation as wen ~ P NTN 


A 
Gime teac 


wren oo eth : E cea 
7, In Ex. 6 above, what modifications are required n° teacher would like to give weight 


z tont, 
ages for tests and obtain weighted sum of marks for each stua l 


8. 


10. 


. A recurring deposit sc 


” For each of the 10 courses, he assig 
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Design a spreadsheet for use as a table diary for keeping record of appointments. The 
record is to be for a week. Use half-hourly slots asa unit for appointments. Indicate 
how appointments will be entered or cancelled. Give names of days as names to-areas! | | 


in worksheet storing appointment on that day. = 


heme of a bank provides 10% interest accumulated monthly, 
Create a spreadsheet showing balance at intervals of one month if Rs. 100 are deposited í 
every month. í i 
ants to plan his time for study to achieve best results. 
ns a confidence level (C) to it between O and J. Let 
dy. He wants to devote hours to a course proportional to 


A sincere and methodical student w 


H be total hours available for stu 


its + . Design a spreadsheet that will give course name, confidence in the course and 


hours to be put in. The last factor will be obtained from H andC’s. Obtain actual _ 


values for H=10, 12 and 15. 


11 


WORD PROCESSING 


11.1 INTRODUCTION 


In the ofice of any kind of organization, 
tion, filing, sending and receiving of documents. A document is basically some text matter 
ped on paper. The typist in the office uses 


the typewriter to Prepare the document 
(which might have been dictated by her boss) ; in preparin g the document correctly, she may 


have to take considerable efforts——removing all typing „errors, and obtaining a pleasant 
layout. A crucial document may have to be typed many times until found Satisfactory. A 
document, after preparation, may be mailed out, a copy may be retained in files for record 
purpose, etc. Thus, text documents are the primary media for offices. Until recently, the 
typewriter was the only machine to assist in office work. It is, however. 
The offices have become one of the important applica 


we find the people there engaged in prepara- 


> a ‘dumb’ machine. 
tion targets for the microcomputers, 


Fig. 11.1. Word Processor 


‘Word Processor’ is usually a software package that provides excellent facilities for 
preparation, editing, printing and filing of documents electro: 


nically. Itis a typewriter with 
intelligence having, in addition, storage and display capabilities, 


It not only reduces the 
tedious work of typists, but plays an important role in ‘office automatu 


on’. 
(164) 
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uter system (and not a software package 
They are dedicated systems—— efficient 
: hand, run on general purpose micro- 


A word processor (WP) may be a special comp’ 
only) specifically designed for document processing. 
but costly. The WP software packages, on the othe: 
computers and offer basically same capabilities. 

Today, a large number of WP packages are available in the market, running on different 
computers under various operating systems. Some of the well-known names are WORDSTAR, 
APPLEWRITER, Spellbinder, Autoscribe, etc. WORDWISE is the WP package available 
for BBC microcomputers. In this chapter, we will study the typical facilities offered by these 
packages without concerning ourselves with the exact command keys, screen layouts, ete. 
microcomputer system must havea CRT 
d for data and command entry. The WP packages 
hould have enough auxiliary storage (floppies or 
winchester, for filing of documents. Equally important is a printer device of good quality. 
Microcomputer systems are usua ‘dot matrix’ printer, whose type font -is 
not of the highest quality. Here, low »etc., do not extend below the 
line, and all letters have same width (thus, letters i an 
document printed on a dot-matrix printer, thus, looks art 
referred to as ‘correspondence’ quality. On the other hand, the 
what is called ‘letter quality’ printing that is elegant and pleasing. 


like any other mic 
ds are very simple, 


For effective use of a WP package, our 


terminal with screen for display and keyboar 
are always interactive in nature. Also, we s. 


‘ 


ftware, interactive and very easy 
often requiring use of two (or, at most three) 
ded so that a single key is sufficient to select 
na top section of the CRT screen. The 
availing them. Further, the 
auser may edit a document 
Because of these features. there 


The WP packages are, rocomputer so 
to use. Firstly, the comman , 
keys. Very often, special function keys are provi 


acommand. Many WP packages display a menu i 
i d keys to be pressed for 


menu gives list of available functions an 
effect of commands is immediately seen on t 
fully and view it on the screen before getting 
is hardly any need for much training for using 4 


it printed out. 
WP package. 


mber of facilities. For the purpose of studying 
s: editing and control. The editing 
nt, while the control facilities mainly 


es large nu 
lities info two group. 
rmatting a docume 
ments. 


ackage includ 
de the faci 
aring and fo 
d printing of docu 


A typical WP pack 
them, we can broadly divi 
facilities are used for prep 


provide for storage, retrieval an 
be grouped in different menus by their 


of WP commands may 
i enus in WORDSTAR. At the beginning, 


The large number 
t file level. The commands 


functions. For instance, le 
it shows a menu called ‘NO 
here include : 

| starting a new document or selecting old for editing 
deleting OT copying a document 


. printing, renaming, 
. initiating spelling-check option for a stored document, or 
. initiating a facility called Mail Merge (See Sec 10.4) 
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The menu called ‘MAIN MENU’ is displayed while creating or editing a document. It 
displays command codes for cursor movement, scrolling, deletion, insertion, and many more. 
From here, one could go to ‘QUICK MENU’ that includes large number commands for cursor 
movement and for searching (for a word/phrase) inside the document. As the name implies, 


it includes commands in addition to those in MAIN MENU using which we can quickly move 
across a document. 


The “ON SCREEN MENU’ contains commands for formatting a document by setting 
margins, spacing, centring justifying. etc. (The meaning of these commands will be seen 
shortly). Using commands in this menu, we can organize the layout of a document and 
scrutinize it on screen prior to printing. The ‘PRINT MENU? displays commands for selecting 


options that give special effects in the printed document (such as under scoring, bold-face, 
pitch position). 


- WORDSTAR includes some more menus e.g., BLOCK MENU in which we can mark a- 
block of text within a document for purposes such as copying, moving, 


è x : ` deleting, etc. ; the 
HELP MENU using which one can obtain information about commands not clear to us). 


What is important to note is its clubbing of commands in function-oriented menus, and the 
ease with which one can move from one menu to another (by a single key), An experienced 
user can select commands from any menu without getting it -displa 


bial : yed. Menus are displayed 
at the top of screen, and it is not necessary to remember the commands, ; 


11.2 DOCUMENT CREATION 


A document, as mentioned earlier, is a piece of text. A text, in the simplest sense, is 2 
sequence of symbols (letters——both capital and lower case, digits, 5 


à 2 $ unctuati Is). 
More meaningfully, a text is organized into paragraphs. soured) 


a | A paragraph consists of sentences, 
and a sentence contains words and punctuation symbols like commas and fullstop. A text 


may, of course, contain numbers or numeric data organized in the form of a table 
laid out in lines. A long text may be divided into many pages. The page capacity (in terms 


of number of lines) and line capacity (in terms of number of symbols) is usually pre-decided 
depending on the printer and stationery for printing. 


A text is - 


After initiating the WP package, we can start creating a document by simply depressing 
the required keys on the keyboard in the required sequence, i.e., we start typing-in the docu- 
ment. We may or may not bother about layout during the initial creation of document. The 
most favoured approach is to give attention to layout after entering the text. 


A š Let us assume 
that this approach is followed. The next section describes commands for o 


btaini 7 
in required format. : aining the nex 
Some WP facilities are in action automatically (i.e., by default) text entry. They 
typically include i 
. line length 


. position of left margin, and 
. positionof right margin. 


While entering the text, we ourselves need not break the text into lines. It is done auto- 
matically by WP, It would check if the word typed by us can fit on the current line. If not: 


the word is placed on the next line, and the extra spaces on the right hand side of the previous 
line are reajusted between other words on that line in such a way that the last word on the 
previous line ends just on the right margin. Thus, word would be automatically aligned both 
on left and right margins as in any formal text (such as this book), The facility of alignment 
of words on right margin is called ‘justification’, and of taking a word to next line when there 


is insufficient space On the current line is called ‘word-wrapp'ng’. An alternative way for 
oken by a hyphen on the current line and 


justification is by ‘pyphenation’, where a word is br 
remaining part taken to the next line. The hyphenation may be by well-defined rules or 
arbitrary, automatic or manual (where we have to insert the hyphen at the right place inside a 


word ; the WP package may emit some kind of sound to attract our attention when we hit 


the right margin). 

line breaks are automatically inserted by WP. At times, however, 

we would like to give explicit line change (by the ‘carriage return’ key on the keyboard), such 

as at the end of a paragraph oF at the end of a row of atable. The carriage return inserted 
ed by the WP (on similar 


by us is called ‘hard’ as against the ‘soft return automatically inserte 
‘soft space’). The hard carriage returns are not tampered by 


lines, we have ‘hard space’ and *: 
WP when we modify or reformat the text. 
oticed, we may want to correct the text 


mistakes during text entry. If n 
). The corrections can be basically 


g commands 
WP provides excellent facilities for these operations. 


place of error and retype (as if over-writing). To 
command key as many times as the symbols 
Josed during deletion ; i.e., the text on right of 
cursor (upto the hard carriage retu ft-words by one symbol for every depression 
of delete command key. {so equally simple ; select the insert 
mode after positioning the cursor and start entering the text to be inserted at that place ; gaps 
are automatically created by moving the earl i ht hand side. Your WP may include 
additional fi acilities like deletion of one a time, one word at a time, OF defetion of an 
There may also be many cursor positioning commands, allowing you to proceed 

e symbol, one word or one Jine (besides others for quick positioning like move 


g of text, tOP of screen, etc.). 


We see above that 


We may make 
immediately (or may 
of 3 types : insertion, 
To change, We position the cursor at the 
delete we position t 
to be deleted. The ga 


entire line. 
in steps of On 
cursor to peginnin 


OCUMENT 
Assume now that we have entered the text of a document. We are now interested in 
priate Jayout for it prior to its printing. Layout or formatting is concerned 
: ines. paragraphs etc., so that they are spaced properly. Some 


getting an appro. i 

with rearranging the text into lines. i sp 

formatting takes place during the creation of a document due to facilities of WP which are 
g i Some of the important ones were described in the 


ive ei ult or by 0U 
active either by defa dditional WP facilities for reformatting. It may b€ 


$ : ider a 
previous section. consid 5 ‘ ing. 
jlities could also have been ma e use of during creation itself. Let 


noted here that th 
us consider them one by one: 


(i) Justification * It achieves a 
For formal (e.g. official) documents, JUS 


11.3 EDITING A D 


s alignment of text on right margin, and is usually a default 
tification provides tidicr appearance. We can remove 
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justification, leading to a ragged or zig-zag right margin. Many consider this essential for 
givin a fpersonal’ touch to the document (just as letters written by us to our friends do not 
have right justification). 


Gi) Setting margins and tabs : A WP usually shows a ‘ruler line’ at the top indicating 
the current position of left and right margins and the tab positions, In WORDSTAR, for 
example, the ruler line appears as follows : 


rl 


1. 


—R 


where L and R give margin columns, ‘!’ gives tab position and hyphen is used for other 
columns. We can alter positions of margins and tabs during editing or text entry by suitable 
commands. The screen lines are usually of 80 characters ; however, our text lines may be 
made wider than this by setting right mazgin beyond 80. We can view the text beyond screen 
width by rightward movement of cursor. The function of tabs is similar to that of typewriter ; 
pressing tab key takes the cursor to next tab column. The first tab position usually acts as 
starting place for the first line of a paragraph. 


A WP may provide a ‘decimal tab’ 


facility. Itis useful when a document contains 
tables of numeric values. Using these tabs, 


we can align decimal points in values vertically, 


The facilities of ‘indentation’ is related to tabs atid’ margins, 
provided by a WP. It means giving a wider left margin toa part of t 
more to right than other parts. 
also indent a group of lines or a mts; like tabs, can be 
set and cancelled. : i 


(iii) Page layout : Through a set of commands, we can define the area of a page to be 
used for printing. We can define top margin by giving line number from where printing is 
to start, and botton margin beyond which no printing should occur. Left and right margins, 
as mentioned above, can also be selected. Besides these, we can give ‘heading’ and ‘footing’ 
texts which nust appear at top and bottom, Tespectively, of every page ; these are specified 
only once and automatically included in all Pages. It fact, some WPs allow us to give two 
headings to appear alternately (as in books where there are different headings on even and 


odd-«umbered pages). We can also give a command to WP to include Page numbers on each 
pase, Starting either from 1 or any given number. 


A long document is divided into Pages. 
done by WP itself (by inserting ‘soft’ page breaks in the text), These soft p 
readjusted after editing of text where we may insert or delete text matter. 
ever, we wish to give explicit (‘hard’) page break ourselves (e.g., 
in a book). A simple command is available for this purpose. 


The breaking of document text into pages is 


age breaks will be 
Sometimes, how- 
as when starting a new chapter 


In some WPs, instead of giving left and tight margin Specifications, one may have to 
give left margin and page width. 


(iv) Ceatring, underlining and highlighting: Along document will contain sections with 


appropriate tittles. A title is a short text containing a few words. We often want them to be 


a eee - 
PS e N a 
EEE R 
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emphasized for attracting reader’s attention. WP provides a number of ways to do this. A 
ust by giving a command followed by entering the 


title may be put at the centre of a line j 
title (if it is not already entered). One may underline a text for emphasis. A title may be 
printed twice at the same place to make it looker darker. Yet another way is printinga title 


in boldface, where WP overprints it witha slight shift so that it looks thicker and denser. 
These facilities are available through simple commands (in some cases, the title may have to 


be enclosed within command keys). 
be arranged on consecutive print lines to get the 
We may desire more spacing between liner for 


clarity or emphasis. For example, paragraphs are usually separated by one blank line. A 
‘doubly’ spaced printout has one blank line between text lines. A simple WP command permits 
us to specify number of lines to be skipped before printing next line, or set spacing for 


subsequent lines in text. 


(v) Line spacing : The text lines may 


printout with ‘single spacing’ between lines. 


(vi) Subscripts and Superscripts:: A subscript is a symbol (or, group of symbols) which is 
printed a fraction of a line downwards with respect to other symbols (as in H20). Superscript 
is printed a fraction of line upwards (as in x”). The symbol(s) to be shifted up or down is 
enclosed within command keys. 

(vii) Block-oriented commands: A part of text may be defined as _a block for purposes 
such as moving, copying, deletion, saving, etc. The text forming the block is marked on both 
ends by some command keys. For marking, the cursor is first positioned (at beginning or end) 
and th iate comma! A block so defined can act as unit for some 
en appropriate co the block to the current position of the 


WP y f e 
commands. The ‘mov sition. In copy, the block also 
d on floppy. A block is saved 


block’ command moves 
at cursors po 


deleted or save 


(viii) Cursor positioning : The keyboard provides keys for left, right, up and down 
movement of cursor on screen. In addition, WP may provide many commands for cursor 
movement for quickly moving it to the desired place. These include : move left or right by 
one character or by one word, move to the left or right end ofa line, move up or down by 
one line, move to the top (left corner) of s ts bottom (right corner), move to start 


or end of a block. 


creen or to i 


ocument to be displayed. ‘Scrolling’ 


ni i rt ofd 
The limited size of screen allows only a pa í i 
is the operation by which we can bring other parts of a document into view on screen. We may 


scroll up or down by one Jine, or scroll the entire screen up OF down. We also have commands 
to position the cursor at the start of document (bringing its first screenful into view) or at its 


end; during which scrolling takes place automatically. ‘ 


ix) Search and Replace « 
a word öra phrase (i.é., i S 
found by something else (¢.8+» to replace 
abbreviations by full form, change from lower to upper case, etc.). A WP includes many 
facilities for this-purpose: Tt provides a ‘search’ command, where we first give the string to 


be searched, and then indicate scope for search. The scope may be entire document, a block 
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or from current position of the cursor. The search may go forward or backward. WP starts 
searching and halts when the first occurrence (if any) is locted. We can get other occurrences 
by repeating the search. We can combine the search and replacement in a single command. 
Here, we have to give both the old and new strings. One should be careful here (e.g., in 
replacing ‘sea’ by ‘lake’, ‘Search’ would become ‘lakerch’!). To overcome this problem, 
WORDSTAR provides for ‘whole word’ search so that ‘search’ does not match with ‘sea’. 


In summary, a WP provides a large number of commands for easy preparation and 
editing of documents. We have broadly categorized them into nine groups above, where each 
group itself includes many commands. 


11.4 CONTROL FACILITIES 


We have so far seen how a document is created and edited using a WP package. To be 
more effective in an office environment, WPs provide additional facilities for storage, retrieval, 
printing, and mailing of documents. Let us consider the nature of these facilities (all of which 
may not be available on a WP). 


(i) Document filing. ~During creation and editing, the text of document is held in main 
memory (i.e., RAM). We must save it on external storage (e.g., floppy) for record-keeping 
future reference, or further editing. A document stored externally is often called as a ‘file’. It 
is given a suitable name for identification. The names are constructed according to the con- 
ventions of a WP (or, operating system), and are often composed of 1 to 8 alphabetic letters. 
WP provides a ‘saye’ command for storing the document currently in memory. It will ask 
for file name if it is a new document. A saved document can be brought back into memory 
by the ‘load’ command. We may modify its contents and wish to save it again under the 
same name. Some WPs retain the old version also under a (slightly) modified name (e.g., & 
document named LATEMEMO stored again after modification will have two versions in the 
system under two names like, LATEMEMO.DOC and LATEMEMO.BAK, the latter being 
older version). This facility is helpful in case we need to undo our modifications, 


Other file-level commands are: ‘delete’, which allows you to erase a document from 
external storage ; ‘rename’, for giving a new name to an already stored document 3 ‘copy’, 
using which you can make a duplicate of a document in external storage (useful when WP 
does not itself provide back-up facility) ; and the ‘include’ command that allows you to copy 
the contents of a saved document into the document currently in memory. Recall that WP 
provides saving facility at the block level also. A block may represent a standard text_to be 
included in many documents (or at many places in the same document). 


i Such blocks are also 
called ‘boiler plates’. A block is saved as a file by itself. 


A single external storage device (e.g., a floppy) can hold many documents (of moderate 
size). It is frequently necessary to obtain list of all documents stored on a dewice. This is 
achieved by ‘directory list? command. WP displays all files, their current sizes, amount of 
space available on that device etc., in addition to date of creation and date of last modification 
for each document. 


(ii) Printing: This is an obvious function provided by all WPs. Either the entire 
document or its selected pages can be printed out. The document may be insme;nory or OP 
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external storage.. A WP may allow us to select some options at this stage, and the document 
may be freformatted accordingly during or before printing. The options include : setting 
ribbon colour, selecting pitch (i,e., selecting line height and character size ; applicable only to 
some types of printers), selecting proportional spacing for symbols (e.g., letter ‘i’ will occupy 
less space than letter ‘m’), page layout specifications like top and bottom margins, number of 
copies to be made, and indicating whether we are using continuous stationery or loose sheets. 


In some WPs, an edited document contains the edit commands as part of the text itself. 
They appear in the display on screen. Effectively, this implies that commands are only entered 
but not executed immediately. One may have to entera special mode to get them executed 
so that we can see the effect of edit commands on screen itself. The print command can 
accept a document in which commands are also stored. The editing takes place now, after 
which the text is printed. WORDSTAR running under CP/M operating system and WORD- 
- WISE on BBC micro have this feature. Typically, commands like underlining, boldfacing are 


present in a document. 


(vii) Documents with variable data (Mail-merge): We may wish to send a standard 
letter to large number of people. The letters may only differ marginally from person to 
person. For instance, the differences may be in addresses, reference to dates or ways of 
greeting (like Mr., Mrs., Dr., etc.). Instead of preparing every letter as a separate document, 
we could prepare it only once and mark the places of difference. Some WPs allow us to 
mark places to be filled later by a special key (e.g. <) called ‘fill point’, or by ‘address points’ 
(e.g., <-A.<B.-etc., one for each line of the address) and ‘greeting points’. The WP will fill 
up these ‘points’ during printing either by taking data from the terminal or from a file. For 
each point, we supply a string to replace it. Addresses are usually obtained from a file, which 
contains corresponding number of lines for each address. The document is printed once for 


each address in the file. 


WORDSTAR uses the concept of a variable to mark places to be filled up during 
printing. A variable is a name made of { to 8 letters. Within the text, the variable is placed 
within ampersand (&) symbols. The document, at the beginning, includes commands to 
indicate to WP how it is to obtain data for substituting in place of those variables. The data 


could come from terminal or a file. 


The files supplying data for variable parts could themselves be created using WP. Their 
may be specific conventions for this. For instance, one set of data for all variables in the 
document may have to occur as one line and separated by commas. 


EXERCISES 
1. Make a coniplete list of all commands discussed in this chapter. If you have access to a 


WP, write the command keys against each (if available). 
2. What is meant by ‘justification’ ? How will the text appear if it is turned off? 


3. Explain with examples the concepts of ‘hard’ and ‘soft’ carriage return (i.e. li 
space and hyphen. (ie., line break), 


4. What is the difference between ‘copy’ and ‘move’ commands ? 
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5. 


What commands will you use for splitting a paragraph into two (note that the first line 
of a paragraph is always indented ; also, paragraphs should be separated by a blank line). 


. List the commands and their sequence for joining two paragraphs into one (note that there 


would be a ‘hard’ line break between them). 


. Assume that a document called ‘COMPNET is stored externally. It contains some abbre- 


viations. You are given a list of these and their full forms. Give step by step descr pions 
of how you would replace the abbreviations by their full form. 


. In (7) above, what would be your procedure if it was required to put the full form within 


brackets at the first occurrence of an abbreviation. 


Use your WP to create a file containing names and addresses of all your relatives and how 
you address them (as ‘Uncle’, ‘Aunty’, ‘Didi’, etc.). 


Prepare a document with variable data to be sent to the relatives informing them about 
your birth day party. Get WP to print letters to them usin 


t g the address file prepared in 
exercise 9 above. The-venue of party and other details should appear in the following 
format : 
PROGRAMME 

Venue Geeta Hall 

time g 4.30 pm 

day : Thursday 

date $ Feb. 27, 1985 


Note the centring of these lines and also alignment of colons and words on either side of 
colons. 


12 


DATABASE MANAGEMENT SYSTEMS 


12.1 IMPORTANCE OF DATA MANAGEMENT 


An organization consists of men (of course, women also), money, materials, etc. It 
also has certain objectives. It must manage its resources to achieve those objectives. An 
Organization could-be.as small as a family and as large asa nation’s government. Shops, 
Schools, and business establishments are also included. An organization continuously 
functions, and must constantly monitor its work for achieving its objectives with optimum 
utilization of resources. It has to evaluate performance and take decisions for future actions. 
For these, it must collect data and process them to obtain required information. Data, there- 
fore, is regarded as one of the most important resource for any organization, and is processing 


as a fundamental task to its functioning. 

To clarify further what has been stated above, let us take the example of a retail store 
——-specifically, say, a book shop. A customer comes to buy a book. A happening such as 
this is called a ‘transaction’. The owner locates the required book (given its title and author), 


finds out the price, decides on commission, and collects cost of the book from the customer. 
A transaction, in general, generates data and entails some processing. In this case, the data 


consists of : 
PROGRAMMING IN BASIC 


book-title 
author N.L. SARDA 
price ii 19.50 


The values on the right are data and the terms on left are their titles or names. The data 
names indicate the interpretation of data values in the context of the application (here, book 


Shop). 


The processing of the sales transaction above consists of the following actions : 
(i) find price from catalogue if it is not printed on the book, 
(ii) calculate commission (Rs. 1.95 at the rate of 10%), 


(iii) calculate cost=price—commission. 


(173) 
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<Cost’ is the ‘information’ here, as the owner uses it to charge the customer. ‘Price’ can be 
considered as information derived by searching the catalogue ; it is then used as data in 
subsequent calculations (thus, the terms data and information can be used interchangably). 


The sales transaction is obvious in the case of shop owner. However, there would be 
transactions of other types too. The owner must keep appropriate records of data and derive 


from them information required for smooth functioning of his business. Looking more deeply 
into his business, we find that : 


{i) he must keep the price catalogue up-to-date (as prices change, or when new books 
are made available), ; 


(ii) he must keep track of stocks in hand so that he does not run out of items, causing 
loss of business, 


(ii) he must make purchases when items are running out of stocks, 
(iy) he must keep an eye on trends (e.g., on best-sellers), and 


(v) he must manage accounts to evaluate profitability. 


It must be noted that all these functions and processing of some kind of data. The 
data must be collected, stored, and maintained up-to-date. We see here that data and their 
processing are very important even for one-man organization. You could easily imagine the 
role of data processing for large organizations. You often see and encounter Íärge clerical | 
staff ; they are all engaged in data processing tasks for the organization. 


It may be obvious by now that data, like any other resource, need proper management. 
A large amount of different types of data are generated (e.g., sales data, purchases data, payroll 
data, ioan data, etc.). They must be collected, classified into different categories and stored 
for easy accessibility. Changes to stored data must be made (e.g., basic salary of an employee 
is changed when he is promoted) to keep them up-to-date. Besides, we must guarantee that 
stored data is correct. We can, thus, consider the following as tasks which constitute data 
management. 

. Collection of data 

. Classification of data 

. Storage of data 

. Retrieval (i.e., accessing or recalling) 

. Verification 


. Updation (i.e., making modifications) 


The clerical staff of an organization carry out these-tasks manually. Here, data are 
recorded on paper, filed into ledgers and cabinets, and accessed by using ees ua scanning 
of paper files. When large amount of data is involved, manual data processing is inadequate : 
it fails in locating required data and process them in allowable time limits. Computers are 
ideal in this situation. 


| 
| 


J 


SN 
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12.2 NATURE OF FACILITIES 


A microcomputer system is suitable to meet the data processing requirements of a 


‘small or medium-scale organisation. They can also be used for local needs of a section of 


They are provided with software packages tailored to carry out the 


large establishment : 
They have the usual elegance of the microcomputer software : 


data management tasks. 
easy-to-use, interactive and menu-driven. 


Various terms have been used to describe these packages. The well-known among 
them are : database management system (a database is collection of data) and file manage- 
ment system. Instead of an integrated set of data management functions, some manufac- 
turers provide a collection of packages. For instance, a „data entry package provides for 
storage and verification, a query package for accessing required data mon stored data, and 
a reportgeneration package for producing detailed or summary reports go menais Also 
available are packages for specific applications. For example, the ae pag pee ts esigned 
to store data about employee salaries, the accounting package for keeping oe of Termeni 
etc, In this chapter, we would be interested in general purpose packages that provide for all 


data management tasks. 
i i ilable today. Some 
a s bearing different trade names are aval y 
aae are Pa ASE lI, PETAID, DMS, MANAGER and FILEPROG. The 


ll- dBA N 
VARTE by them are similar. This chapter would draw upon dBASE II for 


specific examples. 


The facilities of a database management package can be grouped under the following 


headings : 
(i) data definition : description of what is to be stored and by what names the data 
would be referred. 
(ii) data entry : it corresponds to the data collection task. Here, the data is entered 


into the computer for storage after specified verification. 


(iii) data retrieval : obtain data from storage which meet certain condition (e.g., books 
published in USA and priced more than $25). 

(iv) data organization : how the data is to be organized inside the computer for 

efficient access. 


(v) report generation : to produce printed reports from stored data. 


(vi) data updation : facilities for keeping stored data up-to-date (by additions, deletions 


and changes). 


facilities one by one. Before that, let us acquaint ourselves with 


We will study these 
e will study puterized data management. 


the concepts and terminology used in com) 


12.3 BASIC CONCEPTS 


(i) Field: It ig the smallest unit of data. It represents one data value 


& a ee : (e.g., 19.5 
N.L. SARDA”, or “MMX 9256”). A field is given a suitable name using whic “ee 


hits value is 
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referred (e.g., PRICE, AUTHOR, or VEHICLE). We also give further description for a field 
to indicate nature of values it can take. For instance, PRICE is a numerical field which may 
contain upto 5 digits with 2 digits after decimal. point. This description is used by the 


computer for storing the values inside. Thus, for every data value, we must ‘define’ a field. 
The field definition includes 


. field name 


. type of value, and 


. verification requirements, if allowed by the package. These requirements 
may be a range (e.g., price yalues must be in the range 5 to 300) ora 
relationship with other fields. 

You could easily correspond this concept with that of a variable in BASIC 


(ii) Record: Jt is a collection of fields. Using this concept, we can put together 
fields which describe one transaction or one entity. The collection itself is given a name. 
Here also, we distinguish between description of a re 


h bety cord and the actual data values contained 
in it, The record definition includes its name and definition of all of its fields. On the 


other hand, a record contains one value for each of its fields. For instance, consider the 
following example : 
record definition : 
record name g BOOK 
contains the following fields 
(i) TITLE, non-numeric, length 25 
(ii) AUTHOR, non-numeric, length 20 
(iii) PRICE, numeric, 5 digits, 2 after decimal point 
record : 
“PROGRAMMING IN BASIC” 
“N.L. SARDA” 
19.50 


showing one value for each field. 
Note that we will, in general, have many records for one record definition. 


(iii) File: A file is collection of records conforming to same record definition. For 
the record BOOK defined above, we could collect data about all books together, giving us a 
file also called BOOK. The file is defined by defining its records. A Single record definition 
suffices as it contains all similar records. Note that file/record definition tells us about what 
is contained in the file. The file itself contains only values grouped into records, We can 
interpret and use data in a file only if we know its definition. The number of records in a file 
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is called ‘file size’, !and number of bytes required to store one record is called ‘record size’. 
The files are stored on devices like floppies and disks. A database management software may 
put some restrictions on file size, record size, or even on field length. 


(iv) Sorting: A file stores records one after another. The records may be in 
random order, or we could arrange them in a particular sequence. The sequence could be 
based on a field in the record, and may be ascending or descending sequence. For instance, 
the book records in the BOOK file could be arranged in the alphabetical (i-e., ascending) 
Sequence of their titles. Then, the record of a book whose ttle begins with letter ‘A’ 
would appear in the file before that of a book whose title begins with ‘B’. The Process of 
rearranging records in a sequence is called ‘sorting’, and the field used for sequencing is 


A database package provides a command using which we can sort a file 


-called ‘sort key’. 
Sometimes, we need to sort a file on more 


Stored externally (i.e., not in main memory). 
than one field. For example, the books should be first ordered by PUBLISHER, and 


then by TITLE so that books from same publisher appear as a group, and titles are 
_arranged alphabetically within the group. Here, PUBLISHER is the ‘major’ (i.e., more 


important) and TITLE is ‘minor’ sort key. /Some packages allow sorting on many keys 


; à any times starting with minor ke i 
Simultaneously. If not, we could do sorting many times starting with or key and ending 


with major key. 


(v) Index: We are aware of indexes in books (given at the end) and in libraries, 
Their purpose is to help us in locating required item. A similar facility can be created for 
a file so that a desired record can be quickly located, and it would not be necessary to search 
a whole file. Consider the need to access the BOOK lily to get PRICE given TITLE of a 
book. Wecould ask the database package to create an index on TITLE field for the Book 
life. Once created, the package will quickly locate the record of a book given its title, 
enabling us then to get any other data about the book. We should create indexes on fields 
which would be commonly used for retrieving records, but certainly not on every field as an 
index occupies space on our device and also needs to be maintained by the database software 


Package. An index can also be named. 


(vi) Report : Tt refers to a printed output. It contains: data extracted from a file. 
Certain characteristics of reports are universal, and facilities are Provided to directly meet 
them. A report bears a Suitable title, and contains values arranged in columns. The vases 
are obtained from records in a file. Each column is also given a title. eeu eee row of 
Values in the report is obtained from one record. Such zepon are called ‘detail ? ies 

hen the file is sorted, we could obtain some ‘summary’ results for each group in the file. 


Typically, they are totals of certain columns in the report. 


124 THE RUNNING EXAMPLE 


We will introduce here the example to be used subscquently for illustrating the database 
Software facilities, A school has a library for use by students of standard Sth to 12th. 
ere are 12000 books and 500 students. Each book is given a unique code called ‘accession 
Pumber?." Wandi/eachtadent has a unique ‘roll number’. The school microcomputer is 
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required to keep track of books issued to students. We identify three files to store the data 
of interest : 
(i) BOOK file : it will contain one record for each book (thus, file size is 12000). 
The fields in the records will be book’s accession number, title, author, publisher 
and price. 
(ii) STUDENT file; it will contain one record for each student (thus, file size is 500). 
Each record will contain student’s roll number, name, standard, and fine he has to 
pay for returning books late. 


(iii) ISSUE file : it will contain data about issued books. Each record here gives 
accession number of the issued book, the roll number of the student to whom it is 
issued, and the date of issue. The size of this file will be around 2500 as a student 
can barrow upto 5 books at a time. 


The microcomputer is to assist the library clerk in her duties. The followi 2 
tions require the database (i.e., the above files) to be updated. je hamit 


. a new book is added to the library 
. a book is issued to a student Í 
. a book is returned by a student 

. a student pays fine due from him. 

The library clerk should also be able to answer queries of the following kind : 
. which students from standard 7 have to pay fine exceeding Rs. 20 ? 

. how many books have been issued to the student with roll number 1234 ? 

. to whom the book 69342 (accession number) is issued ? 


Periodically, some reports should be prepared for the school princi 
) principal. O. 
is about outstanding fines from students grouped standard-wise. R neor gen 


The database management software available on the microc: i 
f; omputer i 
these requirements. puter is to be used in all 


12.5 FILE DEFINITION AND DATA ENTRY 


In Sec. 12.2, we listed file definition and data entry as facilities of database softw. When 
started, the software may display a menu of facilities, from which we can select file "definition 
to start with. In dBASE, these two facilities are grouped together under the heading ‘create’. 
A screen with appropriate prompts appears on our CRT. to help us define a file S enter 
records in it. Fig. 12.1 shows the screen for create function. In this figure, what has bee? 
entered by us is shown enclosed in boxes ; the rest are prompts from the nia telling Uv 
what is to be entered at each place (boxes, obviously, don’t appear on the screen). The figure 
is self-explanatory in view of the prompts ; we will merely highlight important points. 
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The cursor moves to next place of definition entry automatically. After giving the file 
name (as BOOK), we define fields in its records. For each field, a name, its type (N for 
numeric and C for character data), length in bytes, and ‘digits after decimal point (if it is 
numeric with fractional part) are given. 


If our reply is Y (for Yes) to the question INPUT DATA NOW ?, the package accepts 


one record at a time. We give a value for each field in the record. Observe that field name. 


appears as a prompt from the system. 
After entering records for BOOK file, we can choose the create function again for 


defining the other two files of our example. 


In other database packages, different type of commands may be used. For instance, 
we may be required to format the screen for entering data. The format is similar to a blank 
form with field names shown, against which field values must be entered. Facilities may be 
included for extensive data validation and also for specifying relationship between fields (e.g., 
the field COST as PRICE * QUANTITY so that we need to enter values for only PRICE and 


QUANTITY and COST is automatically calculated). 


ENTER iLe NAME[IBOOK | 


ENTIER RECORD STRUCTURE AS FOLLOWS 
FIELD NAME, TYPE, WIDTH, DECIMAL PLACES 


001 ACCNO,N, 5 

002 TITLE, C, 25 

003 AUTHOR, C, 20 

004 PUBLISHER, C, 20 ~ 
005 PRICE, N, 5, 2 


006 <retum> 
INPUT DATA: NOW? (YNY) 
RECORD NUMBER 0001 


ACCNO: 23456 

TITLE: PROGRAMMING IN BASIC 
AUTHOR SARDA NL 

PUBLISHER PITAMBAR 

PRICE: 19.50 


RECORD NUMBER 0002 


Fig. 12.1: The screen for file definition and data entry 


126 DATA RETRIEVAL 


A few simple commands are provided, for extracting required data from one file, Since 


an application may contain many files, we must select one of them for retrieval by a simple 


command such as 
USE BOOK 
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This may be foilowed by commands for data retrieval from the BOOK file. 


Tre file will be read by database software while answering our queries. It constantly 
maintains its ‘current position’ in the file, giving the record serial number of next record to be 
considered for retrieval. 


In our query for data retrieval, we can specify the following : 


(i) scope of query : if the entire file, i.e., all its records, is to be considered, we specify 
scope as ALL; if nrecords from current position are to be used, this may be 
indicated as NEXT n;if we do not specify scope, it may use only the current 
record for retrieval. 


(ii) fields to be retrieved : we may want to obtain only some fields from selected 
records. We may even specify computations on fields so that results of computa- 
tions are displayed. By default, the system will display all fields. 


(iii) condition: a record will qualify for retrieval if its contents satisfy the given 
condition. 


Let us consider a few examples. 


(a) Obtain books written by ‘J.D. ULLMAN’ having PRICE more than 100: here, the 


entire BOOK file must be used (i.e., scope is ALL) ; only the accession number and 
title of books are to be obtained. This query can be written as 


DISPLAY ALL ACCNO, TITLE 
FOR AUTHOR=‘I.D. ULLMAN’ AND PRICE>100 


The condition appears after the word FOR. In executing this command, the data- 
base software will examine every record in the BOOK file, select those which satisfy the 
condition, and extract ACCNO and TITLE fields from the selected records for displaying. 


(b) list students from standard 8 having fine>25: 
USE STUDENT 
DILPLAY ALL ROLLNO, NAME FOR STANDARD=8 
AND FINE>25 
(c) to whom the book 34719 is issued : 
USE ISSUE 
DISPLAY ALL ROLLNO FOR ACCNO=34719 


The database package may also provide commands for summing up a certain field from 
selected records or for counting records which qualify. For example : 
USE STUDENT 


SUM FINE FOR STANDARD=8 
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gives total fine due from students of standard 8, and 


COUNT FOR STANDARD=8 AND FINE>25 


gives number of records (hence, number of students) which meet the condition following the 
word FOR. 


We could also proceed in 


In these examples, entire file was the scope for retrieval. 
then going to next record, 


steps by first locating one qualifying record, then displaying it, 
and so on. The package may include commands for locating a record, given its position or 
given a condition to the satisfied by its contents. 


Commands will also be provided to get a list of files on a device or for obtaining record 


definition of a life. 
We may have a situation when it is necessary to use more than’ one file for answering 
a question, We may query the database in -steps by using results of one step in the query of 
ckage to obtain one file by JOINing two or 


next step ; or, facilities may be provided by the pa c 
more files so that queries can be formulated for the resulting file (See Sec. 12.9). 


12.7. UPDATING DATA IN FILES 
In maintaining a file up-to-date, the following actions must be supported by a database 
package. 


(i) addıtion of a new record, commonly called APPEND, 

(ii) deletion of a specific record, or those records which satisfy some condition 
(DELETE), and 

(iii) changing certain fields of a record, or of those records which satisfy some condition 

(REPLACE). 

When APPEND is given, the package gives field names of the record as prompts against 

which we enter values just as during dati 

scope and condition can be given as in DISPLAY 


a entry. 


IN the DELETE command, 
command, For example, 


USE STUDENT 


DELETE ALL FOR FINE>25 


will mark for deletion records of those students whose FINE is more than 25, whereas 


DELETE 4 


will mark next 4 records from current position for deletion. The records so marked fi 
. deletion are-physically removed-from the file only whẹn-the PACK command is ieh OF 
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In the REPLACE command, besides scope and condition, we also indicate ‘how the’ 
fields are to be modified. For example, if the students of standard 8 are to be fined Rs. 2 
each for some misbehaviour, we can give 


USE STUDENT 
REPLACE ALL FINE WITH FINE+2 FOR 
STANDARD=8 


The phrase FINE WITH FINE+ 2 states that 2is to be added to earlier value of FINE. 
When the student with roll number 1234 pays Rs. 15 towards fine, we can first locate his 
record and then modify it as follows : 


LOCATE FOR ROLL NO= 1234 
REPLACE FINE WITH FINE—15 


Here, REPLACE modifies only the current record. 


12.8. REPORT GENERATION 


A report contains data extracted from a file and printed out in nice format 
of a report contains one fine for one record in the file. We need not select ae field 
printing. Further, results of some computation on fields can also be specified a S for 
For each value to be printed, we specify columns it will occupy on the line and fi ieee 
which the value is obtained. eld(s) from 


The body 


To make the report readable, we can specify a heading for the report and heading fi 
each value appearing in lines. Emon 


We can also obtain total of values appearing in the lines. The total 
automatically printed at the end. If the file from which report is being ob 
we can obtain totals of numeric fields for each group of records in the file where th 
has records with same value for some field. Such totals are known as subtotals ic ee 
automatically printed after each group. A suitable title can be pi ean ree 

given at the begin 
group. ginning of each 


> if Specified, is 
tained is ‘sorted, 


Fig. 12.2 shows part of a report we wish to obtain from the STUDENTS fil 
line is report title, and the second line gives titles for values to appear in subse: ni The first 
the report. We assume that STUDENTS is sorted on STANDARD S ik ent Jines of 
ROLLNO as minor key. Thus, students of same standard form one grouj ser key at 
STANDARD is called subtotal field. The third line is group heading. It is caine 4 Fe ae 
containing student data. At the end of group, subtotal appears giving total z a na 
students in that group. Other groups will be printed similarly. The last line of the 5S ee 
gives total of fine for the entire file, Pp 


ROLL NUMBER 
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OUTSTANDING FINES REPORT 


* Students of standard 5 


5001 
5002 
5003 


** SUBTOTAL** 


* Students of standard 6 


6001 
6002 


** TOTAL** 


To get such a report from STUDE 
Our task is greatly simplified because the pa 


NAME FINES DUE 
ARCHANA 2.75 
KAUSHAL 5.00 
PARAG 7.00 
14.75 
/ SONA 10.00 
MONA 6.50 
621.50 


Fig. 12.2 : Example of a report 


NTS file, we need to make various specifications. 


ckage collects specifications from us through a 


Series of simple prompts as shown below : 


ENTER REPORT FORM NAME : FINES 


PAGE HEADING ? (Y/N) Y 


ENTER PAGE HEADING : OUTSTANDING FINES REPORT 


ARE TOTALS REQUIRED ? (Y/N) Y 


SUBTOTALS IN REPORT ? (Y/N) Y 


ENTER SUBTOTALS FIELD : STANDARD 
SUMMARY REPORT ONLY ? (Y/N) N 
ENTER SUBTOTAL HEADING : Students of standard 


COL WIDTH, CONTENTS 


001 20, ROLLNO 

ENTER HEADING : ROLL NUMBER 
002 20, NAME 

ENTER HEADING : NAME 

003 8, FINE 
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ENTER HEADING : FINES DUE 


ARE TOTALS REQUIRED ? (Y/N) Y 
All these specifications are collected in response to the REPORT command. They will 
be stored under the name FINES gives by us in the first line so that we need not specify them 
again in further. The meaning of these lines should be obvious from our earlier discussion 
Only a few points need to be noted. i 
The fact that field FINE is to be totalled is gathered b i 
: y our response Y to t 
onthe last line above. If we replied Y to SUMMARY REPORT ONLY i do A 
containing individual students’ data will not appear in the report. ss 
A ee package will provide for many other useful specifications, They include : 
ification of margins and paper size, underlini i SN NADN OS oo ? 
iea and titles. a underlining of titles, and left and right justification of 
12.9. OTHER FACILITIES 


A database package will include many more facilities ibesid i 

discussed in previous sections. We will discuss a few of them here. sides the important ones | 
Files have to be frequently sorted, especially for generatin, 

simple command is provided for this purpose. g reports from them. A | 


The command specifies th: 
order (ascending or descending) and the name for the result file. Thus, Pipa IGE eer 


USE STUDENTS 
SORT ON ROLLNO TO SORTSTD ASCENDING 


will sort STUDENTS file on ascending roll numbers. To furth i j 
major key), we could give er sort it on STANDARD (as 


USE SORTSTD 
SORT ON STANDARD TO NEWSTD ASCENDING 


Another useful facility is copying a file completel 3 

i š y or selectively, For j 
could copy some data of students having fine>20 into -anoth y. For instance, we 
command. er file called BADSTD by the 


USE STUDENT 
COPY TO BADSTD ALL FIELD ROLLNO, STANDARD, FINE 
t 
FOR FINE>20 


DATABASE MANAGEMENT SYSTEMS | 185 


The word ALL designates scope as before ; only those records which satisf ition 93 
after FOR are selected ; from s y the gi y condition given 
oe 5 elected records, only the given fields following FIELD are 
One way of extracting data from two files isto join theirr 

field(s) or a condition The records of the new file can contain fields eee ae ERE 
One hle is designated as PRIMARY and the other as SECONDARY. In nE both files. 
record is concatenated with every secondary record that satisfies the given ee a primary 
take an example to illustrate join. If we want to list titles of books issued to eee ey 
must join the ISSUE and'BOOK files. The joining condition will be that ACCNO in ISSUE 
match with that in BOOK. Let the resulting file be named as BKISSUE. The following 


commands will carry out joining : 


USE ISSUE 

SELECT SECONDARY 

USE BOOK 

JOIN TO BKISSUE ON ISSUE. ACCNO=BOOK. ACCNO 
FIELD ROLLNO, ACCNO, TITLE, ISSUEDATE 


The BKISSUE file will contain 4 fields given after the word FIELD. BOOK file is the 
secondary file here. We can now write queries for BKISSUE file or get reports using it. The 


dBASE package also allows us to get data from two files without joining them (by first 


locating one record in primary, 
secondary file). 


Some fields are freque 
ROLLNO is used to obtain 


and using data in that record, we can directly query the 


ntly used for accessing records ofa file. For instance, the field 
FINE of that student. Data retrieval will be faster if an index 
is created on that field. The database package will consult the index for locating the desired 
records, The simple INDEX command as illustrated below creates an index and gives it a 


name (as there may be many indexes for one file) : 


USE STUDENT 
INDEX ON ROLLNO TO INDFILE 


The STUDENT file will now appear to us as ifitis sorted on ROLENO. To access a file 


using an index, we give 
USE STUDENT INDEX INDFILE 


The FIND command is used for accessing data using the index. The command specifies field 


value as in: 


FIND 1234 
where 1234 is a roll number value. 


As the various examples have shown, the database packages provide di ; 
one-line commands for operations on files. Even then, it may be difficult E and simple 
as library clerk) to learn the database concepts and facilities. Packages like ER users (such 

-a facility called “command files’ to help us in this situation. A command file is ee provide 
{ke a program 
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itten using the database commands. We could write these Programs for cach duty of the 
hes clerk. When required, the clerk merely executes the programs and supplies input data 


i ired. For example, we could write a Program for adjusting fines. The program 
ara ares roll number and fine amount from the clerk and will itself modify 
the file. 


EXERCISES 
1, Outline data processing in a typical home. 


2. Consider a travel agency which arran i t It has to answer queries 

: about routes, fairs, seat availabilities, etc., besides undertaking reservations, cancellations, 

collecting fare from panangers and commissions from air lines. Describe the data pro: 
cessing requirements of the agency in terms of data to be collected, stored, updated, etc, 


ges for air line reservation. 


3. Explain the following terms with simple examples : 


file, record description, report, data entry, validation, query, index, sort key 


4. Explain the operations used for maintaining a file up-to-date, 
5. For the library example introduced in S 


ec. 12.4, give file definitions for the STUDENTS 
and ISSUE files, and enter a few Tecords in them. 


Ga 


Write commands for obtaining the following information from the library files - 
(i) how many books are issued to the student having roll number 432), 

(ii) list titles and publishers of books written by ‘D.E. KNUTH’, 

(iii) get roll number, name an 


d standard of students to whom books written by ‘D.E, 
KNUTH’ are issued. 


7. How the library files need to 


be updated 
accession number 19245, 


if the student 4321 has lost the book with 


8. Define a file to store data about stocks of items kept ina warehouse, For each item, its 
code, price, quantity in hand, and the project for which it is stocked are to be stored, 
What kind of transactions would be taking place at t 


he warehouse ? What commands 
would be required to handle them. 


9. A report is to be produced from t 


for each project, the item, quanti 


also want Project-wise total of item costs. Prepare specifi 
report, 


he warehouse file (Ex-8 above), The Teport should list, 
ty, price and cot (product of quantity and Price). We 
cations for obtaining such a 
How does the Spread sheet software 


Si 


compare with database 
ing applications (discuss with Tespec 


J software for the data proces- 
t to our library example 


amg 


APPENDIX 


ASCII AND EBCDIC CODES 


The ASCII (American Standard Code for Information Interchange) and EBCDIC 
(Extended Binary Coded Decimal Interchange Code) are the most widely used coding schemes 
for representation of characters inside a computer. We give below the ordinal numbers of 
the characters in these coding system. The missing ordinal numbers are either undefined or 


represent unprintable characters. 


ASCII 
32 blank 58: 
33 | 59; 
AYA 60 < 
35 # Wh 
36 $ ane 
37 % i 63? 
38 & 64 @ 
39 65 to 90: letters A to Z 
40 ( oF 
41) PN 
42 * sor 
43 4 94 A (arrow cap) 
44 , (comma) 97 to 122: letters a to z 
45 — 123 { 
46. 124 | 
47} 125 } 


48 to 57: digits 0 to 9 
(187) 
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EBCDIC 


64 
76 
71 
78 
719 
80 
90 
91 
92 
93 
94 
96 
97 
107 
108 


% 


110 
111 
112 
123 
124 
126 
127 
129 
145 
162 
193 
209 
226 
240 


#- 
@ 


» 


to 137 


: letters a to i 
to 153 ; 


to 169 ; 
to 201 : 
to 217: 
to 233: 
to 249 ; 


letters j to r 
letters s to z 
letters A to I 
letters J to R 
letters S to Z 
digits 0 to 9, 


E 


INDEX TO BASIC 


Actual parameters 117, 118 
Alphabet 72 

Arithmetic expression 55, 74 
Array 62, 104 

Array declaration 104 

Array subscripts 62, 105 
Assignment 75, 76 


Constants 72 

Commands 79 
AUTO 130 
DELETE 131 
KILL 131 
LIST 79 
LOAD 132 


MERGE 132 
NAME 131 


NEW 79 

RENUM 131 

RUN 69, 79 

SAVE 131 
Command mode 70 
Comparison operators 51 
Conditional execution 56, 85 


Control variable 107 


DATA Statement 94 
Data types 48, 73 

DEF Statement 119 
DIM Statement 104 


Dummy parameters 117, 118, 128 


FNEND Statement 119 
FOR Statement 106 


Functions 121 
Functions, built-in 78 

ASC 78 

ATN 78 

CHR $ 123 

COS 78 

EXP 78 

FIX 78 

INSTR 122 

INT 78 

LEFT $ 122 

LEN 78 

LOG 78 

MID $ 122 

RIGHT $ 122 

RND 78 

SIN 78 

SPACE $ 122 

SQRT 78 

TAB 98 
Function names 122, 123 
Function parameters 122, 124 
Functions, string processing 121 


GOSUB statement 120, 129 
GOTO statement 83, 129 


IF statement 83 
IF-THEN-ELSE 85 
INPUT statement 93 
Integer variable 73 


Keywords 72 
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LET statement 75, 115 
Line numbers 77 
Logical operators 52, 85 
Loop 60, 107 


Matrix 62 
NEXT statement 107 


ON ERROR 129 
Operations 
arithmetic 51, 74 
logical 52, 85 
relational 51, 83 
Operator precedence 74 


Parameters 116 
PRINT statement 70, 86 
Program mode 70 


READ statement 94 
REM statement 82 
RESTORE statement 94 
RETURN statement 116 


STOP statement 83 
String variable 76 
Subprograms 115, 117 
Subroutines 117, 120 
Subscripts 62, 105 
Syntax error 100 


Variable name 55, 73 


INDEX TO CONCEPTS 


Algorithm 44 
Tepresentation of, 57 

Alphanumeric data 49, 4 

Animation 146, 147 

Arithmetic expression 55 

Arrays 62 

Assignment 55 


BBC Micro 41, 79, 143 
Boolean type 50, 52 
Built-in functions 77 


Collating sequence 54 
Comments 82 

Compiler 34 

Computer applications 1 
Computer organization 8, 52 
Conditions 51, 85 
Conditional execution 85 
Constant 49, 72 

Control structure 56 

CPU 9, 22 

Cursor 68 

Cursor movement 68, 157, 169 


Database 173 
management 175 


Data 48 
definition 178 
entry 178 
management tasks 175 
retrieval 179 
update 181 
Data types 48, 73 
Data representation 52 
dBASE 175 


Debugging 100 

Devices 
card reader 12 
disk 16 
display 13 
floppy 17 
magnetic tape 13 
printer 13 
terminal 13 

Display device 13 
coordinates 143 
cursor 68, 139 
modes 142, 144 
Resolution 138, 139 


Editing 100 
Errors 100, 130 


Field 176 

File 176 

Flow chart 57 
Formula 55, 158 
Functions 117 


Graphics 137 


Hard/Soft 
carriage return 167 
page break 168 
space 167 
Histogram 112, 141 
Hyphenation 166 


Identifiers 55 
Indentation 110, 168 
Index 177, 185 
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Integer 49, 53, 72 
Interaction devices 139 
joystick 139 
light pen 139, 151 
locator 139 
mouse 140 
pick 139 


Logical operations 52 
Loop 60, 107 


Mail-merge 171 
Margin setting 167 
Memory 9, 22, 52 
Menu 165 
Microcomputer 22 


Operator precedence 74 
Overflow 53 


Page layout 168 
Parameters 119 

Personal computer 4] 

Pixel 142 

Precision 49 

Programming languages 19 


Query 179 


Real type 49, 53, 73 
Record 176 


Report 177, 182 


Searching 169 
Software 17 
Sorting 110, 159 
Spread sheet 154 
Strings 49, 76 
Subprograms 115 
Subscript 62, 105 


Transaction 175 


Variable 55, 83 
VISICALC 155 


Window 160 

Word processing 164 
WORDSTAR 165 
Word-wrap 166 
Worksheet 155 


